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Part System. Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 3 
Quarrying, aoa and General Contract Work. b 
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NON-CARBONIZING OIL_~ 


FOR USE IN AIR CYLINDERS. OF 


<_AIR COMPRESSORS, 


Also All Grades of Lubricants for use on Machinery 
Propelled wi eens Air. 
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Tilghman’s 


<~— Patent Sand Blast Machinery 


For removing the 
Scale from 
Castings, Structural 
Iron Work and 
metals of all kinds. 


SEND FOR CATALOGUE 


wt 
Edgar T. Ward & Sons, 


23-25 PURCHASE ST., 
BOSTON, MASS. 


z 
GEORGE NASH & CO., 


24 SO.CLINTON ST., 
CHICAGO, ILL. 





Se. 
bp seenseneneese0s0sesese0ns0ss00000000 


by 9:3232.333233233233233233233233223322322323323333333337" 


ee: Seadtoe e = ie 


rs oy am ese ee eguaaagaggaa 


_ PORTER || real 






¢ 


e e . 

Compressed Air Mine Haulage. 

Safe from fire, handier, more reliable and more economical in installation 
and operation than other systems; adopted by representative anthracite and 
bituminous collieries after exhaustive examination. On dona fide request of 
mine owner or superintendents, or other prospective buyer, we will mail free our 
8th Edition, 216 page catalogue, of steam, electric and pneumatic locomotives. 
To accommodate correspondents not in the market for locomotives, a copy will 
be mailed on receipt of 50 cents in stamps. 

Address mentioning ‘“‘CoMPRESSED AIR.”’ 


H. K. PORTER CO, 540 Wood St, Pittsburgh, Pa. 
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BOSTON. NEW YORK. PITTSBURG. CHICAGO. ST. LOUIS. 


[National Tube Works Gompany, 


MANUFACTURERS OF 
Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 


Special Light Lap-Welded Pipe, fitted with the Converse 
Patent Lock Joint for Water and Gas Mains. 


Cylinders with Dished or Flat Heads for Carbonic Acid 
and other Gases. 


NEW YORK OFFICE, HAVEMEYER BUILDING. 
VVVVYVYVYT YY 


 PULSOMETER Sa 
: “The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 
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Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
) am Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
f il Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 





Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
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tk B. F. Goodrich Company.' 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U.S.A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street. 141 Lake Street. 35 New Montgomery Street. 


Rubber Goods__. 


OF FINE QUALITY, 
HOSE FOR ALL PURPOSES. #6 


AIR HOSE for Rock Drills, Compressors, ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE..% 


STEAM HOSE, Etc. 
i Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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YOU CAN SAVE 
Fuel, Cost of Repairs and Labor 


BY USING 


The Ropp Straight Line Furnace. 
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FOR SALE BY 


PARKE & LACY CO., 


y 2) & 23 FREMONT STREET, ~— - SAN FRANCISCO, CAL. + 
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Sole Licensees. Catalogue upon Application. 
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PUN... 


Used for lubricating 
Air and Steam Cylin- 
ders, and Main Bear- ¢ 
ings of shaftson large 
Hoisting Engines,pre- 
vents them from get- 
ting hot. When engine 
stops, cup stops feed- 
ing. 


McCANNA BROS., ¢ 


57 WELLS ST., { 
CHICAGO, ILL. 
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DUCATIO 


Thousands have been helped to better 
pay and positions through our sys- 
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struction 


purpose at a cost of 
$225,000. 


Courses of Steam, Electrical, Mechanical or 
Civil Engineering ; Chemistry; Mining; Me- 
chanical and Architectural Drawing; Survey- 
ing; Plumbing; Architecture; Metal Pattern- 
Drafting; Prospecting; Bookkeeping; Short- 
hand; English Branches, 


pays for a College Edu- 

$2 & MONth geiionss tomes 1500 

Circular Free. State subject you wish to study. 

The International Correspondence Schools, 
Box 1132 SCRANTON, PA. 
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x « & THE MERRILL 
COMPRESSED AIR PUMP 














with the Air Lift System of pumping where 
air and water are discharged, and where 
conditions govern its use. 


With the Merrill System there is no air 
passing through the water pipe. A solid, 
steady stream is delivered to any point or 
elevation from any desired source. 


SUITED TO ALL PUMPING REQUIREMENTS 
Sold subject to trial and return if not 
satisfactory. 


Any make of Air Compressor can operate them, 


MERRILL PNEUMATIC PUMP CO., 


WRITE FOR CIRCULAR F. 


141 Broadway, NEW YORK. 
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$ COMPRESSED AIR TOOLS. 


Pveumatic Motor Hoists, Dritts, . 


J 
ae Reamers, Tappers, Crane Motors, 
Center GRINDERS, ETC., ETC. ..... 


DRILLS MADE IN FOLLOWING SIZES: 


VUE VHVUVVVVAVIVVVVEVVG 


a capacity...... Sl gees weight...... 4 lbs 
eee Re oa ae Piss sas gas 104 lbs. 
0 extra pane Car Ss Pe” ea 15 Ibs. 
 aerree Oe ues peas. es 
1 extra ey anes > 3 eereen Ark 49 Ilbs.°- 


PNEUMATIC MOTOR HOISTS. 


OISTS IN THE FOLLOWING CAPACITIES. 
LASS A. _ Differential. 
1,500, 3,000, 5.000 and 10,000 lbs. 
Length of Lift per minute 10 to 18 feet. 
CLASS B. Quick Acting Friction Brake. 


800, 1,500 and 2,500 Ibs. 
Length of Lift per minute 28 to 36 feet. 


EMPIRE ENGINE & MOTOR CO., 


OFFICE AND WORKS: = ORANGEBURGH, N. Y. 
CORRESPONDENCE SOLICITED. 
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PNEUMATIC APPLIANCES. 


DRILLS, REAMERS, TAPPERS, 
RIVETERS, CAULKERS, CHIPPERS, 
HOISTS, MOTORS, COMPRESSORS, 


STAY BOLT CUTTERS, SAND SIFTERS, ETC. 





OUR PNEUMATIC HAMMERS ARE MANUFACTURED UNDER 
AN EXCLUSIVE LICENSE FROM THE OWNERS 
OF THE BATES PATENT. 


SEND FOR NEW CATALOGUE JUST ISSUED. 


NATIONAL PNEUMATIC TOOL Co., 
Cor. 12th and HAMILTON STREET, - - PHILADELPHIA, PA. 
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CAMERON STEAM PUMPs. 







Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 





ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


+ THEA.S.CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 











o 


COMPRESSED AIR. 


"a ann atlanta aera ae 


An Important Connecting Linkin Compressed Air Service. 


THE 


Moran Flexible joint 


For high pressure, indispensable. 








Tightness, safety, flexibility and durability 
assured, 


Parties making experiments with Com- 
pressed Air may have the use of the “ Moran 
Joint” free for a limited time. 


MORAN FLEXIBLE STEAM JOINT CO., 


- - - - - KENTUCKY. 
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ESTABLISHED 1858. 


“‘ Our Name and Brand a Guarantee of Quality.” 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 





BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 


LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 


MAIN OFFICE AND WORKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFICE: 10 BARCLAY ST., NEw YORK. 
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A MONTHLY PUBLICATION DEVOTED TO THE USE- 
FUL APPLICATION OF COMPRESSED AIR. 

W. L. SAUNDERS, - - 

A. E. KENNEY, - - - 

J. E. Q 


Editor and Proprietor 
Managing Editor 
INTERO, - - - - - Treasuret 








Subscription, including postage, United States, 
Canada and Mexico, $1.00a year. All other coun- 
tries, $1.50a year. Single copies, to cents. 

Advertising rates furnished on application 

We invite correspondence from engineers, con- 
tractors, inventors and others interested in com- 
»)ressed air. 

All communications should be addressed to Com- 
PRESSED AIR, 26 Cortlandt St., New York. 

London Office, 114a Queen Victoria Street. 


Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y. Post Office. 


VOL. IV. JUNE, 1899. No. 4. 


The widening use of compressed air in 
the arts has developed a great many types 
of Air Compressors and has distinctly im- 
proved the efficiency of the machine. A 
few years ago it was an uncommon thing 
for an Air Compressor builder to supply a 
machine with compound air cylinders; 
to-day the best Compressors are of the com- 
pound tvpe and an engineer who specifies 
an Air Compressor for his plant, is wise if he 
looks carefully into the tender submitted, 
especially with reference to compounding 
and intercooling. It is quite as important 
in large plants that the air cylinders be com- 
pounded, as that compound steam cylinders 
are used, and it is equally as important to 
supply efficient intercoolers as to use a con- 
denser on the steam end. 

There is, naturally, at the present time, 
but little general familiarity with Air Com- 
pressors and compressed air machinery ; 
hence, when those in charge of works decide 
to install a Compressor, they are at a loss 
to know how to draw up the specifications 
or to decide which of the numerous types is 
preferable. The plan which might be called 
European, and which applies to machinery 
and constructive work generally, is to send 


out specifications and ask for bids. This 
is a dangerous thing to do unless the per- 
son who draws the specifications is thorough- 
ly familiar with the subject. Such familiarity 
is not likely to exist in places where Air 
Compressors are required; hence, it is of 
greater importance to investigate the ques- 
tion as to the experience and standing of 
the bidder.—How long has a certain con- 
cern been building Air Compressors ? What 
shop facilities they have for turning out the 
work, and what is the general design of 
their machine. A first-class builder of large 
experience and a growing business might 
naturally be expected to supply something 
of a high class in this line, and yet it may 
be found, on investigation, that this builder 
has a specialty that his machines are mainly 
used for light duty or low pressures, or vice- 
References and testimonials are 
easily given and are only of value in con- 
nection with a case of this kind in so far as 
they point to the class of trade which the 
manufacturer has been supplying, and if 


versa. 


the buyer is not in too much of a hurry, he 
will do well to investigate the references. 
In connection with this subject, the follow- 
ing specifications have been brought to our 
notice as having been submitted to builders 
of Air Compressors, by two of the largest 
concerns in the country. They may be of 
interest to our readers as indicating types 
of specifications which are sent out when 
calling for bids : 

‘Dimensions of steam and air cylinders 
to be determined by maker; to be of suf- 
ficient size for compressing 650 cubic feet 
of free air per minute, to 750 pounds per 
square inch in three stages, at a maximum 
piston speed of 400 feet per minute. Initial 
pressure of steam 80 pounds, taken from 
a steam line 175 feet in length, from boiler 
to compressors. The whole machine to be 
designed to withstand 1250 lbs. pressure in 
third compressing cylinder. 








‘** Builder to furnish complete plans and 
detail specifications, templates, foundation 
bolts, oil cups, sight feed lubricator, exhaust 
pipe, wrenches, and all fittings to make 
compressor complete for making trial test ; 
also to furnish, at builder’s expense, a com- 
petent machinist to superintend the erection 
of compressor, the buyer to furnish all un- 
skilled labor and prepare the foundations 
for receiving compressor.” 


“ CAPACITY.—Capacity of compressor 
600 to 650 cubic feet of free air per minute, 
compressed to 100 pounds per square inch, 
with 100 pounds per square inch steam 
pressure. 

*¢ SPECIFICATIONS. — Signed  specitica- 
tions to be furnished covering workman- 
ship, guarantee in regard to same, details 
of various parts, tools with compressor, 
time of delivery after ordered, etc. 

‘*PLANS.—Foundation plans and _ print 
showing plan of compressor giving general 
dimensions, location of pipes, etc. Also 
photograph or catalogues and page number 
where compressor is shown to be furnished. 


GENERAL INFORMATION TO BE GIVEN. 

“Type of compressor. 

“Diameter of steam and air cylinders 
with stroke. 

‘*Free air capacity per minute. 

** Piston speed. 

‘“‘ Revolutions. 

“‘ Sizes of pipes. 

* Floor space. 

"Price. 

“Point of delivery.” 

These specifications are conspicuous for 
their simplicity in that they throw the entire 
responsibility upon the maker. 
that if a maker is called upon to build some- 
thing not strictly in line with his practice, 
or which is based upon the design of some 
other maker, he is not likely to do the sub- 
ject justice and the buyer will run some 
risk in placing the order with him, because 


It is evident 
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it will be more or less experimental. Air 
Compressors can only be built well when 
based on experience. The best design made 
by the best men will fail unless tested and 
developed on lines of practice. 


For a few years past chimes in church 
towers have been coming into favor. A 
number of cities in European countries 
have orchestras of this kind, that date back 
to the 17th or 18th centuries. There are 
several in this country and every one of 
them have had the problem of how to ring 
them to contend with. This question has 
been so filled with obstacles, that even after 
the bells were bought and hung in place 
they have remained silent. 

Pious persons of wealth knowing of no 
other lasting gift to make their favorite 
church, have bequeathed or presented 
chimes, leaving the ringing of them to the 
church itself. We know of one case where 
there are 44 bells and no music has been ob- 
tained from them, although they have 
been in place for many years. The ringing 
of chimes is a work, however, that is never 
wholly abandoned by church trustees, con- 
sequently, some of these churches have 
erected crude appliances, that ring the bells 
in a more or less satisfactory manner. 
Electricity has been the hope of many, and 
there are places where bells are rung by 
electric appliances, but they have never 
proved satisfactory. The chime bells of 
St. Germain-L’Auxerrois, in the city of 
Paris, were finished in 1878. Their con- 
struction extended overa period of 15 years, 
and yet they never rang successfully until 
last year. To show the system employed 
in that instance, we present a picture of the 
key-board, cylinder and mechanism of these 
chimes. The system as a whole occupies 
a space of no less than 60 ft. in height, and 
an octagonal surface of 108 square ft. 
The weight room is 1g ft. in height by 11% 
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in width. The cylinders of the bell weights 
have diameters varying from 10 to 52 
inches ; each cylinder with its wheel work, 
accessories, and striking train constitutes a 
true clock, 

It is said that these bells will welcome 
visitors to the Paris Exposition next 
year. 

One of the finest set of chimes in the 
United States is that of St. Patrick’s 
Cathedral, 5th Avenue, New York City. 
Nineteen bells constitute the set, and they 
were donated by Cathedral Parishioners 
and others. 


rigan, with Mr. Cornelius O’Rielly as 
Chairman, and Fathers Connolly and 
Lavelle, and Mr. John A. Sullivan as mem- 
bers. The subject was gone into thor- 
oughly and all of the various systems ex- 
amined exhaustively. Every one of the 
systems then in vogue seemed by this com- 
mittee inadequate and lacking the modern 
facilities that marked almost every other 
method of doing things. The crudeness 
of methods, expense of installation and 
the necessity of having expert attendants 
caused all systems known to be rejected. 
Many propositions were submitted. The 


lrHE FOLLOWING List GIVES THE WEIGHT AND TONE OF EACH OF THE BELLS, 


AND THE NA 


| WEIGHT 


NAME OF BELL. TONE. IN 
POUNDS, 
1 Bk. Patties xii. ee | | ee 6,300 
? UE TAA DS o5 coc. ce cache oweaes 4,400 
2 en OUI 65s cicanes bao Veeasee wes 3.300 
{ Holy Name............/E flat... 2,600 
St. Michael ..... See” caeew's 2,200 
6 Me MRD ag rut cas aay -c'a ri aeowawe 1.850 
a ers | ocean 1,300 
8 St. Augustine of Hippo A flat... 1,100 
) St Anthony of Padua... A 5 965 
10 St. Agnes ei |B flat... 770 
11 St John Evangelist ... B Sa 650 
1 St. Bridget.... .. glee wea 55° 
I St. Francis Navier . C sharp, 460 
14 8. ere ee 385 
15 Berea... | -cucwaaec E flat 330 | 
16 St. Helena .... .«scse. LE 275 
17 St Alphonsus Liguori. F...... 220 
1s St Thomas Aquinas... F sharp. 200 
19 Gt GOGnrer |. a sen tee haww es 165 


These bells hang in the northern spire 
of the Cathedral, 180 feet above ground. 
The following ritual of the bells will be 
The Angelus will ring at 8 a.m. 
12 m. and 6 p. m. daily, and the De Pro- 
The 


chimes will play on Sundays and greater 


observed. 
fundis bell will ring daily at 7 p. m. 


festivals or national holidays, and pious 
occasions. The bells will be tolled at 
funerals. 

The same arose 


perplexing question 


when these bells arrived from France, 
A committee was 


appointed by His Grace, Archbishop Cor- 


where they were made. 


ME OF THE DONOR. 


DONOR. 


Cathedral Parishioners. 

John B. Manning. 

Joseph J. O’Donohue. 

The Sodalities of the Holy Name throughout the city. 
Michael S, Coleman. 

Henry McAleenan. 

The Marquise San Marzano. 
Augustine Daly. 

In memory of Edward Fox 

In memory of James Edward Fox. 
John D Crimmins., 

In memory of Aloysia Miniter. 
The Catholic Club. 

George B Coleman. 


| Mrs Thomas F. Ryan. 


Eleonora Keyes. 


| Maria A Mills. 


Thomas Kelly. 


In memory of John and Mary Koop. 


bells were installed in the Cathedral spire 
in the autumn of 1897. In December,1897, 
this magazine printed the following: ‘‘An 
inquiry comes to us asking for the ser- 
vices of some compressed air genius who 
can devise a practical compressed air ap- 
paratus for ringing chime bells. A short 
time ago 19 stationary chime bells, the 
heaviest of which is about 6,000 pounds, 
and the lightest about 300 pounds, were 
placed in St. Patrick’s Cathedral, New 
York. It was intended to ring them by 
electricity, but thus far no device has been 
acceptable. It has been suggested that by 
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a suitable installation compressed air 
would do the work satisfactorily. The 
church authorities will lend any assistance 
to enable experiments to be carried on, 
providing the plan submitted appears 
feasible.”’ 

This was the signal for work in this 
direction. Several compressed air experts 
came forward with sketches and designs 
to cover the requirements of these bells. 
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electricity, the one being the motive power 
causing the bells to ring, and the other 
being employed as the means of operating 
the mechanism which strikes the bells. 
Chime bell ringing by compressed air had 
never been tried before, and Mr. Champ’s 
genius has been severely taxed to com- 
plete a system that will in all probability 
be the most complete one ever used for 


this purpose. Following the proposition 
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KEYBOARD, CYLINDER AND MECHANISM OF THE CHIMES OF SAINT-GERMAIN-I,AUXERROIS, 


The committee secured expert advice and 
finally accepted the system submitted by 
Mr. Hertford C. Champ, of New York, 
who had been a reader of ‘‘Compressed 
Air,’”’ and who had made this subject his 
study. His plan was so simple and em- 
bodied the essential features to such 
extent that this system was finally adopt- 
ed and the work begun. The plan as 
installed consists of compressed air and 


from the beginning we find a complete 
air-power plant consisting of an Ingersoll- 
Sergeant, Class ‘E” with 
air cylinder 8 in. diameter by 8 in. length 
of stroke, driven by a 15 H. P. 240 volt 
direct current six pole type Lundell motor, 
made by the Sprague Electric Co. 


compressor, 


These 
machines are rigidly mounted upona heavy 
cast iron base plate designed and finished 
in Mr. Champ’s shop, and set on a rock 
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the 
Rectory. 


found tion in sub-bisement of the 
Cathedral The armature of 
motor is fitted with a pinion meshing 
into a cut spur wheel fitted on one end 
of the compressorcrank sh*ft. This power 
unit is considered extremely comp ‘ct in 
its dimensions, runs remark+bl ° well, and 
is coxp*ble of supplving the equivalent of 
69 cubic feet free air per minute, which 
air is tiken from a deep and decidedly 
cool area-way alongside the power room, 
and is delivered into a receiver 6 feet high 
by 24 in. diameter, from which l+tter the 
air power is conducted through a 2 in. 
pipe a distance of 600 feet to another re- 
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boird presses a key corresponding to the 
bell thit he wishes to hive struck. This 
makes an electric connection which serves 
to open a valve admitting compressed 
air to a piston connected with a cl-pper 
which strikes the bell. Electricitv is the 
trigger and compressed air the power in 
this work. There can be no measurable 
deliy in the stroke. A duplic*tion of this 
oper’tion brings the nineteen bells under 
the control of the opertor in the s‘cristy, 
where by means of the key-boird showing 
the notes of the bells he rings the chines 
to anv air desired. The det ils asdescribed 
show the practicability of this system. 


40 
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CHIMES OF ST. PATRICK'S CATHEDRAL. 


ceiver in the belfry. 
have sufficient 


The two receivers 
storage to at all times 
cause the bells to ring when they are 
wanted. Air is compressed to 80 pounds, 
so that there is always surplus for any 
emergency that may arise. A 2 inch pipe 
is carried as a main line, passing under 
each bell. From this main supply pipe, 
which is of itself a reservoir of air, 4 in. 
connections are made with the striking 
mechanism. After we have compressed 
the air we find it within 2 inches of the 
piston that moves the clapper to strike 
the bell. The key-board is located in the 
sacristy of the church. A cable is led to 
the church spire, and wires are connected 
to the magnet of the striking mechanism. 
Both the powers are here controlled from 
a distance. The operator at the key- 
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Air Plant of the Metropolitan Street R’y Co. 
in New York. 


A compressed air plant, unusual in al- 
most all of its features, and embodying 
characteristics in design and construction 
far in advance of ordinary practice, has 
just been completed by the Ingersoll- 
Sergeant Drill Co. of 26 Cortlandt Street, 
New York. The installation was made 
for supplying the air motors on the cars 
of the Metropolitan Street Railway Com- 
pany of New York. The station is located 
at 23d Street and North River. 


























THE VERTICAL FOUR STAGE HIGH PRESSURE AIR COMPRESSOR USED FOR SUPPLYING 
STREET CAR SERVICE ON THE 28TH AND 29TH STREET LINES, NEW YORK 
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The plant is uncommon mainly for two 
reasons, its great efficiency in producing 
compressed air and the high pressure oh- 
tained. High pressures with small ma- 
chines are common, but pressures of 2,500 
pounds to the square inch in 1000 horse 
power machines are new. In general the 
machine consists of a duplex vertical cross 
compound engine built by the E. P. Allis 
Company of Milwaukee, which has cylin- 


hammered iron 22 inches in diameter out- 
side of the journals, 20 inches diameter 
in the bearings, which are 36 inches long. 
The fly wheel placed between the cylin- 
ders, as shown, is 22 feet in diameter 
and weighs 60 tons. 
mounted upon brick piers, and directly 
underneath it is placed 
The Air Compressor. 
This machine is of the 4 cylinder type, 


The engine is 











BATTERY OF STORAGE TUBES, IN WHICH AIR IS KEPT AT 2,500 POUNDS PRESSURE, AND 
FROM WHICH THE CARS ARE CHARGED. 


ders 32 inches by 68 inches and 60 inches 
stroke, provided with Reynolds Corliss 
valve gear. With steam pressure of 150 


pounds, furnished by Babcock & Wilcox 
boilers and 40 revolutions per minute the 


horse power is 1,000. The shaft is of 


the low pressure cylinder being 46 inches, 
the first intermediate 24 inches, the second 
intermediate 14 inches, and the high pres- 
sure cylinder 6 inches in diameter, the 
stroke being common with the engine, 
60 inches. All of these are single acting. 
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The free air capacity per revolution is 
56.735 cubic feet; capacity at 40. revolu- 
tions 2269.4 cubic feet, and the free air 
capacity at 60 revolutions is 3404.1 cubic 
feet. 
first cooler is 40 pounds, in the second 
180 pounds, and in the third 850 pounds; 


The approximate pressure in the 


the final approximate pressure in the 
after cooler being 2,300 pounds. 

The compressor pistons are arranged in 
pairs vertically in line beneath the steam 
cylinders, as is shown in Fig. 1, the ini- 
tial and first intermediate air cylinder 
being below the low pressure steam cylin- 
der, while the second intermediate and 
high pressure air cylinders are below the 
high pressure steam cylinder. Motion is 
transmitted from the steam engine cross 
heads through distance rods for each 
cross: head tO a cross head attached to 
the air cylinder piston rods. 

The inlet and discharge valves of the 
initial air cylinder are of the “‘Mechanical”’ 
type and of a special design. 
are shown at K Fig. 1. Air 
to the top of this cylinder through the 
supply pipe a, and leaves the cylinder 
through the pipe a’, by which it is con- 
ducted to the first inter cooler E. From 
the cooler E the air flows through the 
pipe 4’ to the lower end of the first inter- 
mediate air cylinder B 


These valves 


is admitted 


from which it 
passes through the pipe 4 to the second 
intercooler F. From here it passes to the 
pipe ¢ to the upper end of the cylinder C 
from which it passes to the third cooler 
G and from here through the pipe e’ to 
the lower end of the cylinder D and from 
this through the pipe e to the final after 
cooler H, from which it is led through 
the outlet f to the storage bottles. 
this it will be seen that the air passes 
through the upper end of the cylinder A, 
lower end of cylinder B, upper end of 
cylinder C and lower end of cylinder D 


From 


and in its passage between each passing 
through one or the other of the coolers. 
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The intercoolers employed are of two 
different designs, the two coolers for the 
lower pressures consist of a shell enclos- 
ing a nest of vertically arranged cooling 
pipes through which the air passes going 
from one cylinder to the other, the coolers 
for the higher pressures consist of a shell 
enclosing a pipe coil, the air passing 
through the coil from one cylinder to the 
other. In providing a cooler for the lower 
pressures where great cooling surface is 
required on account of the large volume 
of air to be was considered 
proper to provide tubes, but in dealing 


cooled, it 


with the cooler for the higher pressures, 
coils were substituted so as to dispense 
with as The 


coolers are arranged so that in case a 


many joints as_ possible. 


leakage of air from the cooling pipes into 
the shell or casing that this air rises with 
the circulating water up to the operating 
floor of the engine room and is discharged 
through a sight discharge pipe under the 
immediate care of the engineer. All the 
piping from the first air cylinder and 
through the entire compressing plant is 
made of copper. 

What may be called an auxiliary gov- 
ernor controlled by air pressure is pro- 
vided to act upon the governor of the 
steam engine. This consists of a weighted 
lever which is operated upon by a small 
piston which in turn is actuated by the 
air pressure. If for any reason the pres- 
ure should become excessive the lever is 
lifted, when it opens a valve admitting 
air to a device on the governor so de- 
signed as to reduce the steam supply and 
to all practical purposes throttles the 
engine. 

Some idea of the massiveness of the ma- 
the 
statement that it is 60 feet in height. 


chine may be obtained from bare 
It will be employed exclusively for sup- 
plying air to the air motor on the street 
railway cars. It stated that 


since their first trial several months ago 


may be 





654 


COMPRESSED AIR. 





















































FIG. z. 





655 


the air motors of the Hoadley-Knight 
type introduced on the street railroad 
line have given good results. 
Compressed air for the purpose of trac- 
tion by this system is generated and col- 
lected in a manner similar to the manner 
of generating and collecting gas, and the 
necessary means for the storing of com- 
pressed air at high pressure consist in the 
collection of numerous bottles connected 
together in series or 


manifolds where- 
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tles other than can be made good by 
p tinting from time to time. The storage 
bottles are connected together with proper 
pipes and valves and communicate with 
several charging stands in the car house. 
The cars can be charged with com- 
pressed air at 2,500 lbs. pressure in about 
two or three minutes’ time. The method 
of connecting the compressed air pipe to 
the car is similar to the way in which 
the breach is locked to a gun. 





BIRDSEYE VIEW,OF THE MOTOR AND TRUCK OF THE AMERICAN AIR POWER COMPANY'S 
SYSTEM OF STREET CAR PROPULSION, 


by the different sections of storage can 
be cut out from one another. In the 
storage system erected at the 24th street 
compressor station there are about 600 
bottles. These bottles are all tested to a 
pressure of 4,000 pounds per square inch, 
and are used to store air at a pressure of 
2,500 pounds per square inch. There is 
no wear and tear on these storage bot- 


The charging nozzle is introduced in the 
charging orifice and a partial turn given 
to the charging nozzle locks the charging 
nozzle in the charging orifice, then the 
main valve is opened admitting air to 
the car. The reheater is charged with 
steam in a similar manner. 

The charging nozzle of the reheater is 
provided with a vent hole through the 
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centre whereby the coupling of the charg- 
ing nozzle to the charging orifice makes 
communication for the steam to enter the 
reheater and for the vent to go out from 
the reheater with the one charging nozzle. 
In the recharging of the compressed air 
cars the first operation is to connect the 
steam charging nozzle to the reheater and 
then to connect the compressed air charg- 
ing nozzle to the charging orifice. This 
operation takes from three to four min- 
utes. These compressed air cars are equip- 
ped with six Mannesmann tubes, three on 
either side of the car under the seats and 
making a storage capacity of about 45 
cubic feet. This storage capacity will 
enrble the car to travel distances of about 
fifteen miles. The reheater is hung to the 
car body and lies between the two motors. 
It is a seamless welded tube and holds 
The air 
from the storage reservoir passes by a 
reducing valve and is reduced from a vary- 
ing high pressure to a constant normal 
pressure. A throttle valve is on the other 
side of the reducing valve controlling the 
admission of the air to the heater and 
thence to the When the throttle 
is opened the air passes through a coil 
in the reheater and b:fore it enters the 


about six cubic feet of hot water. 


motor, 


reheater a spray of water is introduced 
into the air and passes through the coil 
in the reheater on to the motor. 


The motors are of the compound type, 
high and low pressure, the air entering 
the high pressure and doing work expan- 
sively and then passing over to the low 
pressure motors and doing more work, 
and then being exhausted to the atmos- 
phere through a mufler to prevent noise. 
The motors are of the enclosed type, similar 
to street railway electric motors, and are 
applied directly to the car axle. They con- 
sist of the two high pressure motors four 
in. in diameter by six in. stroke, and two 
low pressure motors eight in. in diameter 
and six in. stroke. Mounted on the crank 
shaft in the motor is a pinion which en- 
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gages in a spur gear fixed to the car axle, 
the reduction is about 2% to 1. The 
motor cylinders are equipped with piston 
valves which are controlled by a movable 
eccentric of the wedge type. These ec- 
centrics are connected directly to the crank 
pins of the motor and the wedges for 
operating them connect it to a common 
lever extending across the motor casing, 
and by means of this wedge eccentric 
the motor is adapted to run in the for- 
ward or backward motion and any de- 
gree of cut off for the control of the motor 
can be obtained. This valve mechanism is 
connected directly with the throttle valve 
and is so arranged that the motor man 
in managing his car has but one lever to 
control. The motor casings are partially 
filled with oil, so that when the motor is 
in operation the oil is thoroughly broken 
up in small particles, thereby properly 
lubricating all moving parts. These cars 
are the standard of the Metropolitan Street 
Railway Co. They are built on the stand- 
ard Brill truck of eight feet wheel base. 
The application of these compressed air 
motors to street cars is similar to the 
application of electric motors, that is to 
say the weight of the motor is partially 
on the car axle. All the other parts of 
the system, as the storage bottles and 
the reheater, are mounted to the car body 
and all under the effeet of the car springs. 
The Mannesmann bottles are all tested 
to a pressure of 4,500 Ibs. per square 
inch, and as they are filled with air at a 
pressure of 2,500 lbs. per square inch, 
there is a factor of safety of about 2. 
The question is frequently put as to the 
liability for these tubes to explode. When 
the tubes are filled with the air at 2500 Ibs. 
per square inch there is no practicable way 
whereby the pressure can be increased, in 
fact, the only thing that can happen is for 
the pressure to decrease. This condition 
is greatly different from any other engineer- 
ing problem. A bridge is built over a 
stream or anything else to carry the public 
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and designed to carry a certain load. 
Bridges so made do very well but it some- 
times happens that they get overloaded and 
break down. This cannot happen with the 
compressed air bottle. Should a car col- 
lide with another car or something similar 
the worst that could happen to the bottle 
would be to squeeze it together a little bit 
and then it would relax to its normal con- 
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Auto-Truck Co., in discussing the advance 
to a practical point of compressed air for 
use as a motive power, says: 

“The recent advances made in structural 
material has enabled us to handle pres- 
sures with absolute safety that were not 
heretofore possible. These air pressures 
mean a greater mileage of vehicles, so 


that, where one of the old time vehicles, 











CHARGING APPARATUS FOR AIR AND STEAM. 


THE STEAM 


BEING USED FOR RE-HEATING PURPOSES. 


dition. Possibly one of the small pipe 
joints might start to break but no serious ex- 
plosion or destruction is likely to be caused 
by a collision. 


Progress in Compressed Air. 





Mr. Walter H. Knight, consulting engineer 
of the American Air Power Co., the Inter- 
national Power Co. and the New York 


such, for instance, as the compressed air 
cars used in Paris, can make but two or 
three miles from one charge, we are now 
able to run from 25 to 50 miles without 
recharging. Wecan build air cars to-day 
that will run half a day on one charge, 
having thus to be charged only at night 
and at noon. 

“The air flasks that hold the compressed 
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air under several thousand pounds pressure 
have been rapidly evolved during the last 
few years, so that now we can produce 
in this country, without going abroad, 
the 
strength of those formerly used, but which 


nickel steel flasks, not only twice 


are absolutely incapable of rupturing under 
the pressure used. 

“There is absolutely no more danger in 
connection with the pressures used than 
there was, for instance, in electric motors, 
where the centrifugal force engenders a 
pressure of over 5,000 pounds per square 
inch in the armatures and commutators. 
This is evidenced sometimes by commu- 
commutator 

In fact, the 
flasks are much safer, because the pressure 


their 
work on the roof of the car. 


tators distributing 


is always definite, and not dependent upon 
some variable factor like centrifugal force, 
speed, or as in the case of a steam engine, 
low water, hot fire sheets, ete. The air 
pressure is a cold pressure and can never 
exceed that which is given it by the com- 
pressor, which itself can go no higher 
than a certain point and is just as fixed 
and absolute as is the strain upon the 

It is al- 
ways in this, as in other cases, a question 


cables of the Brooklyn Bridge. 


and factor of safety. The Brooklyn Bridge 


would be a very dangerous structure if 


If they 


thecables were not strong enough. 


are, it is safe. 


“Quite as important as the question of 


air reservoirs in bringing the air motor 
out of the impracticable into the practi- 
cable field was the question of heating, 
which has now been improved to such a 
point by the use of hot water in connec- 
tion with the air, that more than double 
the effect is obtained from the 
amount of heat as was done two years 
ago. This, together with the simplifica- 
tion of the motors to a point where they 


Same 


are scarcely more complicated than an air 
brake, enables us to produce an air vehicle 
that fulfils every requirement of an auto- 
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mobile. These vehicles, may be charged in- 
stantaneously instead of requiring six 
hours, as. in the case of a storage battery ; 
their reservoirs are of unlimited durability 
instead of being susceptible to the rapid 
depreciation that affects the storage bat- 
tery. They have only one-half the weight 
of a storage battery and, in common with 
the latter, possess an entire freedom from 
any «esthetic objection, such as exhaust, 
odor or noise. 

“Analysis shows that only the stored 
powers are suitable for automobile work 
in cities. All prime powers have some one 
or more radical objections from an es- 
Thus the 
gasoline or gas motors, when you come 


thetic or practical standpoint. 


to have vehicles of any size, have a very 
objectionable odor. Even the smaller ones 
are disagreeable enough. Moreover, vehi- 
cles of this type lie down and die when 
they come to grades, even worse than do 
the storage battery ones, whereas air 
motors can be used on grades as steep as 
20 per cent. 

“There is no ,danger of injuring the 
reservoir by a sudden draught upon its 


power, nor is there any injury accom- 
panying the total exhaustion of the reser- 
voir. For street cars, it does away with 
all appliances along the line, such as 
trolley wires, underground connections, 
cables, ete., and requires only a good road- 


bed. 


For long distance work, such as 
now handled by steam locomotives, i 


t 
offers on the one hand a stored power 
not limited by fire box or heating surface, 
and not requiring dangerous, inconvenient 
and expensive third rails or trolleys. It 
further offers an economy much superior 
to that of the steam locomotives, on ac- 
count of drawing its power from a station- 
ary engine, which, as is well known, pro- 
duces power for about one-sixth the cost 
of that produced by a steam locomotive. 

“We are in the air business at the birth 
of a gigantic industry (as we were fifteen 
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years ago in the electric business), that 
will reach out into every field of power 
and bring about economies and simplifica- 
tions that the much-vaunted electricity is 
incapable of realizing. 

“For truck work, where tremendous 
power is required, with minimum weight 
and absolute reliability, there is no other 
force that I can see that comes anywhere 
near it. Our trucks for carrying 20,000 
pounds weigh only 8,000 pounds. They 
are made of steel only and are as durable 
pieces of mechanism as any that I know 
of. They can run at an expense not ex- 
ceeding Yc. a mile for power, and with 
instantaneous charging at numerous sub- 
stations can cover any desired distance. 
Even with one charge, they can make an 
ordinary trip in the Metropolitan district 
with a maximum load.”’ 

Railway Eva. 


Air Power Cars in Chicago. 


The first trip in Chicago of a car oper- 
ated by compressed air was made the 
evening of May 12 over the tracks of the 
North Chicago street railroad company 
between the limits barns and Washington 
street. The run was made in place of the 
first ‘“‘owl’’ car. The experiment was so 
successful the company will supply at 
once all its north side lines with similar 
-ars in place of the horse cars which now 
make the night trips. 

People who caught the compressed air 
car were surprised to find themselves at 
the limits barns in twenty-five minutes, 
including a stop of five minutes at the 
Elm street power house. The car proved 
capable of any speed desired, ran without 
noise, and was under perfect control. 

Robert Hardie, inventor of the car, wis 
the engineer, and Otto Berthold collected 
the few fares. The passengers were mostly 
officials and others interested in the test. 
Henry D. Cook and A. C. Soper, officers 
of the Compressed Air Motor Company, 
were among them. The actual running 
time from the Elm street power house to 
Washington street and return to the 
limits barns was twenty-eight minutes. 
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Portable Pneumatic Riveters in 
Ship-Building.* 


By W. J. BAncocK, Member 


Probably the hardest manual labor in 
all the various operations in building a 
ship is that of riveting. Combined with 
this is an amount of technical skill ac 
quired only by long and arduous appren- 
ticeship at the trade, and varying with 
the class of rivets driven. Like the stone- 
cutter who can only learn to do first-class 
work on one particular stone, and is at a 
loss, for instance, on marble, if trained to 
granite, so a first-class shell riveter cannot 
properly drive inside rivets, and vice versa ; 
while the boiler riveter, however good he 
may be at his own work, is of little use 
on eny part of the ship’s hull. With such 
conditions, a difficult trade to learn, a 
hard and exhausting one to follow, wear 
ing a man out in his vouth, for no one 
ever saw an old riveter—although in 
other trades age itself is not necessarily a 
bar—wages are inevitably high, and most 
of the work is done by the piece. When 
the work is to be had, therefore, the 
riveter makes a great deal of money, but 
at the expense of his vital energies, which 
he is too apt to attempt to restore by 
stimulants, especially as his work is done 
almost entirely, from the nature of the 
case, in the open air, exposed to the heat 
of summer and the cold of winter. 

The tools with which he works are fur- 
nished entirely by the vard, so that, un 
like other mechanics, he is not obliged to 
have anything of his own, while, as rivets 
are rivets the world over, little familiarity 
with the customs of any particular yard 
is required of him, and he has not much 
incentive to remain in one place to es- 
tablish relations of amity and mutual es- 
teem with his superiors. 

The riveters, therefore, have been ex- 
tremely independent, arrogant, and high- 
handed in their relations with the masters, 
giving more trouble than all the other 
classes of labor in a yard put together. 

* Read at the Fortieth Session of the Institution 
of Naval Architects, 
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In addition to this the rapidly increasing 
size of ships, with the corresponding ne- 
cessity for heavier plating, doublings, etc., 
requires the use of larger and longer rivets, 
which cannot be properly closed down by 
hand, however skilful or willing the men 
may be. 

For all these reasons, in the yard of 
the Chicago Shipbuilding Company, of 
which I am the manager, some three years 
ago a determined effort was begun and an 
extended series of experiments entered upon 
to develop machinery capable of being 
operated by unskilled labor, by which all 
the rivets in a ship could be driven, which 
effort has been entirely successful, so that 
in the last ship we have completed there 
were a little over 250,000 rivets so driven 
But for insufhi- 


out of a total of 340,000. 
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cient air supply the proportion would 
have been greater. The decision to use 
compressed air for the operation of the 
machines, instead of hydraulic or electrical 
power, was made for several reasons. 
The severe winter climate of Chicago is 
against the use of hydraulic machinery in 
the open air, besides which we were 
aware that hydraulic compression riveters 
had never made much headway in British 
yards, though long in the market, and it 
seemed wiser to try a new line. Elec- 
tricity, although advancing by leaps and 
bounds, is an intricate science in itself, 
with which we are not familiar enough to 
see much promise in it, and all electrical 
appliances are very costly and somewhat 
delicate, apparently unsuited to the rough 
handling inseparable from ship work. 
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More important, however, was the fact 
that air can be used for chipping and 


caulking hammers, for drills and reamers, 
and for hoists, as well as for ventilating 
and cooling confined places, so that a 
compressing plant is a necessity in any 
event, while we, of course, knew that 
pneumatic compression riveters are univer- 
sally used and indispensable in American 
bridge shops. 


We had in use already at that time a 
stationary steam riveter of the ordinary 
type driving rivets in such portions of 
the ship as could be assembled and han- 
dled as a whole. 1800 rivets is an ordi- 
nary day’s work of ten hours on this 
machine, at a cost of one-half cent apiece. 
A very short experience with compression 
riveters showed that their great weight 
—reaching over 2500 lb. for 6ft. gap— 
interfered too much with facility of hand- 
iing to make them either useful or eeonom- 
ical. We then turned our attention to 
the pneumatic hammer, consisting of a 
cylinder in which a piston reciprocates, 
delivering an almost continuous series of 
blows against the end of the chisel, caulk- 
ing tool, or rivet die. The hammer is 
light, powerful, short enough to go be- 
tween frames, and small enough in diame- 
ter to get at rivets in corner angle. For 
small rivets it can be held in the hand, 
though the work is severe. It is how- 
ever, almost impossible to hold on to the 
rivet by hand, the heavy holding-on ham- 
mer being fairly jarred off the head of the 
rivet by the rapidity of the blows from 
the pneumatic hammer, giving the holder- 
on no opportunity to bring his tool back 
into position between blows as in hand 
riveting. 

We quickly devised a simple pneumatic 
holder-on, however, which admirably serves 
the purpose, consisting only of a cylin- 
der carrying a piston, behind which air is 
admitted, the rod extending through the 
front head and being cupped out to go 
over the head of the rivet. A piece of 
pipe secured to the cylinder braces it 
against any convenient support. Com- 
bining these two machines with a yoke, 
the hammer being mounted on one arm 
and the holder-on on the other, makes a 
self-contained machine in which the yoke 
itself can be made very light, as it has to 
resist only the pressure of the air against 
the end of the holder-on cylinder and the 
reaction of the hammer blows. 
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Various sizes of these yoke riveters are 
used, and the weights are as follows for 
the depths of gap given, the yoke being 
made of pipe for the larger sizes:—9in., 
83lb.; 514in., 160]b.; 7Oin., 220lb. It is 
very evident, therefore, that these riveters 
are portable in the highest degree. In 
fact, in the greater number of places they 
are moved about by two men entirely by 
hand, the cross-bar in the throat of those 
of larger gap forming a slide, and assist- 
ing in the movement. Occasionally they 
are suspended on a trolley from a light 
framework of pipe. A variation of the 
device is to mount the hammer in a cylin- 
der as a piston, behind which air is ad- 
mitted to force the hammer forward as 
the rivet point is beaten down, the die 
on the opposite arm of the yoke being 
then solid, and may be small to get into 
contracted places. For driving the rivets 
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connecting frames and brackets at the 
tank top of a double-bottom ship the 
yoke is mounted on a pair of rough wood- 
en wheels for ease in handling. 

The above descriptions will, I trust, 
sufficiently make plain our methods for 
all rivets which can be reached on both 
sides by a yoke or gapriveter. There re- 
main three classes of rivets in a ship, as 
follows:—(1) Those through decks and 
tank tops, mostly countersunk, and all 
driven vertically downwards from above; 
(2) bulkhead rivets—other than those near 
the top, or adjoining openings, which can 
be reached by a yoke—nearly all with full 
heads; (3) those in the outside shell of 
the ship, all countersunk. These three 
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classes must be reached by riveters on one 
side and holders-on on the other, without 
any connection whatever between them. 


The first class are most easily driven, 
and for them the hammer is mounted on 
a bent pipe, with a pair of wheels at the 
bend. The operator raises a handle to 
bring the flat die on to the rivet, and, 
the bend of the pipe being loaded with 
lead, has only to bear down upon it in 
driving. A second man, with a pneumatic 
chipping hammer, cuts off the surplus 
metal, and, the riveting hammer being 
brought back, a few seconds complete the 
operation. In this case the pneumatic 
holder-on is operated from below by a 
third man, being braced against the bot- 
tom of the ship or the next deck below. 
For the second class, the hammer is fasten- 
ed to the end of a wooden beam which 
slides freely on a supporting stud bolted 
to the bulkhead, an adjustable rod at the 
other end governing the distance of the 
hammer from the rivet point. A large 
number of rivets can be reached without 
shifting the stud. It is necessary, of course, 
to use the form of hammer described above 
with the air pressure behind it, and, as 
the die is cupped out to form: the snap 
point, there is no tendency to slip off the 
point. The holder-on is mounted in the 
same way on the other side of the bulk 
head. 


We now come to the third class, or 
shell rivets, which in many respects are 
the most important rivets in the ship, re 
quiring the most careful workmanship 
and the best finish. It is evident, at the 
start, that the varying thicknesses of 
plates, frame flanges and liners, and es- 
pecially the depth of countersink, render 
it impracticable to so gauge the length of 
rivet used that there will always be just 
enough metal to properly fill the counter- 
sink and finish the point, and that, there- 
fore, as in hand riveting, a longer rivet 
must be used, and after the point is beaten 
down with the surplus metal crowded off 
to one side, this surface must be chipped 
off, and then the point finished up, round- 
ed slightly, and any seams between the 
rivet and the plate driven together and 
closed. To do this a certain amount of 
freedom of motion must be allowed in 
the hammer, so that its axis maybe in- 
clined at a slight angle in any direction 
with the axis of the rivet itself. This re- 
sult is attained by mounting the hammer 
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in gimbals on the end of a bar, instead 
of its being immovably fastened to it, as 
in the bulkheadriveter. Forbottomrivets 
this bar is attached, by a central bolt on 
which it revolves, to a trolley running in- 
side a slotted piece of pipe, which is either 
bolted to the bottom of the ship or held 
up against it by a simple pneumatic jack 
at each end. The bar carries at its other 
end an adjustable brace as in the bulk- 
head riveter, and there is, of course, an 
air cylinder behind the hammer to force 
it in as the point of the rivet is beaten 
down. 

At one setting many rivets can be reach- 
ed, and the whole arrangement is very 
satisfactory, a pneumatic holder-on being 
used inside, and an ordinary pneumatic 
hammer being used to cut off the surplus 
metal before final finishing. 

It is evident that the freedom of move - 
ment of the hammer can be secured in 
other ways, such as a_ ball-and-socket 
joint of large radius, but we have found 
the gimbal mounting more satisfactory, 
and all that can be desired. While the 
same arrangement can be used for the 
side of a ship, it is not very satisfactory 
there, and a different one is desirable. In 
this the bar carrying the hammer is verti- 
cal, and is fastened to a bored-out tee, 
sliding freely on a horizontal pipe. This 
pipe is prevented from moving away from 
the ship by vertical pieces of bar or angle 
iron at each end, bolted to the ship par- 
allel to the side and 8in. or 10in. away 
from it. The pipe is hung from pulleys 
above, and counterweighted so that it 
moves freely up or down. By the verti- 
cal movement of this pipe and the hori- 
zontal movement of the sliding tee any 
rivet can be reached from the gunwale of 
the lower turn of the bilge, and for a 
length of about 10ft., without shifting the 
rig. Inside the ship a couple of rough 
wood stanchions are bolted or wedged in 
position for guides, and acounterweighted 
piece of 2in. plank moves against them in 
unison with the riveter and forms the 
brace for the pneumatic holder-on, which 
is easily moved by hand into proper posi- 
tion. 

The quality of the work done by all 
these machines, both inside and shell, is 
first class in every respect, and far super- 
ior to hand work, and such is the unani- 
mous opinion of the inspectors who have 
been and are on duty in our yard. That 
this is natural appears from several con- 
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siderations. The rivets are closed down 
more rapidly and at a much higher tem- 
perature, and, as it is always easy to 
bring the axis of the hammer in line with 
the axis of the rivet, and, in fact, natural 
for the men to so bring it, the rivet is 
plugged at once by the first blows of the 
hammer, thoroughly filling the hole 
throughout, before the point begins to 
form. The tendency of hand riveters to 
save labor by forming the point without 
thorough plugging, leaving a rivet which, 
though looking all right and passing the 
tester, is liable to loosen afterwards in 
service from the constant jar and vibra- 
tion of the hull, is, therefore, avoided. In 
many confined places, also, where only 
one man can strike, and the space for 
the swing of the hammer is limited to 
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the frame spacing or less, hand rivets are 
very apt to be poorly driven, but it is 
evident that such considerations do not 
affect the machine, and that, if the pneu- 
matic hammer can get to the rivet at all, 
it is as well put in as in the most open 
parts of the work. 

As to the cost of the work, I submit 
the following figures, from the last ship 
completed in our yard :— 

Inside Rivets.—All 34in. 
Hand, piecework.. 25,073 Av. cost, 3.16c 


Hand, day work.. 9,255 i 8.57¢ 
BOG civcanwaesniae sshOL kOe ee 2.06c 
Steam (Fig. 1.)... 23,544 - 0.51¢ 
Shell Rivets.—7in. and lin. 
Hand, piecework.. 51,306 Av. cost, 3.99¢ 
Hand, day work.. 4,314 rs 7.69¢ 
| ae sa atta 74,493 2.96c 
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The amount that should be added to 
the machine cost to cover interest, main- 
tenance of plant, and operation of com- 
pressor, is undoubtedly much greater than 
the corresponding amount for hand rivet- 
ing, which is little beyond hammer heads 
and handles; but I cannot give it exactly, 
as we were using much air at the same 
time for drilling, reaming, and caulking, 
as well as for blowing the rivet-heating 
forges—so much so, in fact, that we ex- 
ceeded the capacity of the two compres- 
sors in use, and not only had to stop 
putting on more machines and go back 
to hand riveting, but, for a large portion 
of the time could not maintain more than 
70 Ib. pressure in the air mains, which 
seriously impaired the efhciency of the 
hammers. We had an air capacity of 
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about 850 cubic feet of free air per minute 
at 100 lb. pressure, but we have now 
nearly completed a new compressor of 
3000 ft. capacity, to work at 125 Ib. 
pressure, and anticipate much better re 
sults hereafter. It is only fair to call at- 
tention to the fact that most lake 
freight vessels, like the one referred to 
above, are of very full model, with a 
large number of frames exactly alike amid- 
ships, and that they are launched broad- 
side on, and therefore stand level on the 
stocks, both of which conditions are fav- 
orable to the use of these machines, es- 
pecially of the shell riveters. Against this, 
however, it is equally proper to state 
that much of the development of the in- 
side riveters took place on the boat re- 
ferred to above, and that the shell rivet- 
ers had never been tried at all until they 
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commenced on her bottom plating. In 
the latter case, therefore, all the experi- 
menting and working out of the appli- 
ances for rapidly and economically hand 
ling the machines, as well as breaking in 
the men to use them, came on that boat, 
and the cost appears in the above state- 
ment. It must be remembered also that 
the men who have worked all these ma- 
chines are not riveters, nor even mechan 
ics, but only laborers, :nd were not on 
piece work. 

The largest rivets we have as yet driven 
with these machines are lin. in diameter. 
But there is no reason whatever why 
larger sizes cannot be driven with equally 
satisfactory results. It is only necessary 
to use a larger hammer, one of greater 
diameter and longer stroke. In gasometer 
work in America this has been done al 
ready with gap riveters and 14in. rivets 
closed with perfect success, and there can 
be no question but that a larger size shell 
riveter will handle rivets of equal diameter 
with the same facility, the somewhat 
greater weight of the machine being no 
disadvantage, as it is counterbalanced 
and does not come upon the operator at 
all. 

In Chicago we are still experimenting 
with and developing these tools, and hope 
to much further increase their efhliciency 
and economy. I have thought, however, 
that the members of the institution might 
be glad to know of the results already 
accomplished in a matter of such impor- 
tance to shipbuilding. 





Pneumatic Dispatch 





The Pneumatic Mail Tube System. 


]. FOSTER SYMES * 


The system by which matter is trans 
ported through closed tubes by means ot 
a current of air therein, is not a new 
idea by any means, though its successful 
application for commercial purposes is of 
recent date. 

The earliest ideas of pneumatic trans 
portation are found in the records of the 

* Yale Screntific Monthly 
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Royal Society of London. Here we learn 
that Denis Papin sent to the Society in 
the seventeenth century an article on the 
“Double Pheumatie Pump.”’ He exhausted 
the air in a long metal tube, causing a 
piston to move through it, which drew 
after it a carriage attached by means of 
a cord. 

It was not, however, until 1853 that 
the first successful pneumatic tube system 
was built in London. A one and one- 
half inch pipe was laid between Founder’s 
Court and the Stock Exchange. Itslength 
was 650 feet, and the carrier was pro- 
pelled through it by means of a vacuum 
created by an exhausting engine at one 
end of the line. The roughness of the in- 
terior of the iron pipes caused much trouble, 
and in 1858, when the system was ex- 
tended, two and one-half inch tubes made 
of lead were used, the carriers being made 
of gutta percha with an outer lining of 
felt. 

From this small beginning the London 
system has grown rapidly and now com- 
prises forty-two stations, connected by 
thirty-four miles of tubes. The latter are 
made of cast iron with a lining of lead, 
and vary in diameter from two and three 
sixteenths to three inches. The lines are 
laid out radially, and the air exhausted 
at one end, and compressed at the other. 
This system has been adopted in Liver- 
pool, Birmingham, Manchester, Uublin 
and Glasgow. Experiments were also 
made in London with an underground 
pneumatic railroad. In 1863 one was 
built eighteen hundred feet in length and 
two feet eight inches square. A second 
was constructed in 1872 from the Post- 
othce to Euston station, a distance of 
two and three-fourths miles. This one 
was somewhat larger than the first, be- 
ing four and one-half feet wide by four 
feet high. These tunnels were operated 
by means of fans, which forced air into 
one end and exhausted it from the other. 
They were never a success, however, and 
were soon abandoned. 

In 1865 a system of pneumatic tubes 
for the transmission of telegraph messages 
was built in Berlin. Wrought iron pipes, 
two and one-half inches in diameter, were 
laid in pairs, one being used for sending 
and the other for receiving messages. The 
tubes were connected at one end by a 
loop and a steady current of air kept up 
by means of a compressor at one end and 
an exhauster at the, other. The system 
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now in use there, however, is somewhat 
different, the power being supplied ‘by 
large storage tanks containing compressed 
air. There are altogether thirty miles of 
pipe and thirty-eight stations in the city. 

The Paris pneumatic system has been 
in operation for many years and most of 
the branch post and telegraph offices are 
connected with each other by it. A novel 
method of compressing the air is used, for 
instead of employing a steam engine, it is 
compressed in tanks by displacement with 
water. The diameter of the tubes now 
used in Paris is 2.55 inches. The carriers 
are sent out in trains of from six to ten, 
and are propelled by a leather covered 
piston at the rear which fits tightly in 
the pipe. 

In 1867, at the American Institute Fair 
held in New York, the late Alfred Beach 
exhibited a pneumatic tube railroad. A 
car, holding ten people, ran on a track 
laid down within a circular wooden cylin- 
der which was about 100 feet long and 
six feet in diameter. A current of air was 
supplied by a large fan, running at the 
rate of two hundred revolutions per min- 
ute. He later built a tunnel under Broad- 
way, near Warren street, extending a dis- 
tance of two hundred feet. The car was 
driven by a large rotary blower in an 
adjoining building, and could be made to 
go in opposite directions by simply re- 
versing the valves of the blower. Mr. 
Beach also designed a system of pneu- 
matic tubes to convey mail from the 
street boxes to the postoffice. The letters 
were to be delivered into cars from _ re- 
volving hoppers, which were made to 
turn by pins on the car hitting the vanes, 
the carriages being propelled by a current 
of air. He also, a few years later, built 
a line over one thousand feet in length 
with a very smooth interior. This pipe 
led to a large receiving box connected 
with an exhausting engine. A letter drop- 
ped into the pipe at any point was car- 
ried along by the current to the box, 
where it fell to the bottom, from which 
it could be easily removed. 

For many years the pneumatic tube has 
been a common means for the transmis- 
sion of cash, ete., in large stores. The 
Western Union Telegraph Company, sev- 
eral years ago, connected a few of its 
offices by a pneumatic system, but the 
first real attempt to introduce it on a 
large scale into this country was made 
in 1893 in Philadelphia. A six inch main 
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was laid to connect the main postoffice 
with the Chestnut street branch, a dis- 
tance of nearly a mile. 
the large size of the pipes compared to 
those used in the European system, the 
capacity of this plant was much greater. 
The area of the tubes was increased many 
times, and of course the carriers were 
correspondingly larger. The speed of the 
Philadelphia system was moreover doubled 
and had improved appliances for receiving 
and transmitting. This plant was opened 
in 1893 and has been operated success- 
fully ever since. 

When in 1897 the tubular Dispatch 
Company of New York was authorized 
to construct a pneumatic tube system 
for the transmission of mail between the 
General Postoffice and some of the branch 
stations, all the different plants then in 
use were inspected. After careful investi- 
gation the company decided to copy after 
the Philadelphia line, which had proven 
so successful, and plans were accordingly 
drawn for a system running from the 
postoffice to the Grand Central Station, 
the Produce Exchange, and to Brooklyn, 
over the Bridge. The first line to be put 
into operation was the one running to 
the Produce Exchange, which was opened 
in the fall of 1894. The others have since 
been completed, or will be at an early 
date. 

The company determined to make the 
tubes of larger capacity than those used 
in Philadelphia, and to maintain a work- 
ing speed of thirty miles an hour under a 
headway of twelve seconds. The line to 
the Produce Exchange is nearly four thou- 
sand feet long and consists of two tubes, 
side by side, eight inches in diameter, and 
about five feet below the surface. One is 
used for outgoing and the other for in- 
coming mail, they being connected at the 
sub-station by a loop. A powerful com- 
pressor forces the air into the outgoing 
tube at a pressure of seven pounds to the 
squareinch. On account of its elasticity, 
it flows through the pipe with an in- 
creasing velocity, but by the time it reach- 
es the sub-station the pressure has fallen 
just one-half. From here the current re- 
turns by the second or return tube, and 
as it enters the receiving tank its pressure 
is equal to that of the atmosphere. This 
tank is joined to the suction pipe of the 
compressor, and as the two lines are con- 
nected by a loop at the other end, there 
is a continual circulation of air through- 
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out. The pipes are of cast iron with a 
very smooth interior finish. All bends are 
of at least eight feet radius and made of 
seamless brass with a diameter of not less 
than eight and three-fourths inches on the 
inside. 

The carriers are made of thin steel plates 
rolled into a cylinder, riveted and soldered. 
They have two bearing rings of packing, 
one at each end, which fit the tube and 
prevent any air getting by, causing it to 
move with the same velocity as the cur- 
rent. The shell proper is about two feet 
long and seven inches in diameter. The 
front end is concave and has a filling of 
felt which protects it from any shock it 
may receive. The rings form the sliding 
contact and keep the shell proper from 
touching. The carriers are closed by a 
hinged door at the rear, which is so ar- 
ranged that it cannot open while in the 
tube. 

The current is continuous from the start- 
ing of the compressors in the morning 
until they stop at night, so it was neces- 
sary to have some means by which the 
carriers could be inserted and removed 
from the line without interfering with the 
flow of air. This is done by means of a 
transmitter and receiver, one at each 
station. The former consists of a piece 
of eight inch pipe, long enough to enclose 
the carrier. It is hung on a shaft, over- 
head, so that it can be swung out from 
the main line to receive the carrier and 
then moved back into position where the 
current forces the latter into the main 
tube. The ends are smoothed off square 
so that no air can escape at the joints. 
When this section is swung out of line 
two projecting plates move across the 
ends of the opening and shut off the air, 
the current meanwhile going around by 
means of a connection. When the trans- 
mitter is not in use the movable section 
is drawn over to the loading tray and 
the air goes through the U shaped by-pass. 
When a carrier is to be sent it is placed 
in the tray and pushed into the trans- 
mitter, then, by pulling a lever, the latter 
is swung into position and the carrier is 
forced out. An automatic time-lock pre- 
vents them being sent with less than 
twelve seconds headway, thus ensuring a 
proper distance between them in the tube. 
When the carriers arrive at the sub-station 
the pressure of the air is three and one- 
half pounds to the square inch, so the tube 
cannot be opened to remove them. They 
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also have a velocity of about}thirty miles 
an hour, and some means had to be pro- 
vided for gradually checking their speed. 
These two things are accomplished by 
means of a closed receiver which consists 
of an eight-inch cylinder four feet inlength. 
In its normal position it forms a continu- 
ation of the tube by which the carrier ar- 
rives, and on entering the receiver it com- 
presses the air in front and is stopped 
without any shock. There are a number 
of openings in the pipe just in front of 
the receiver connected with the other or 
returning line by which the current con- 
tinues back to the main station. The 
compressed air in the receiver opens a 
small valve and thus keeps the carrier 
from being thrown back into the main 
tube. The receiver is automatically dis- 
charged in three or four seconds by a pis- 
ton, which tilts it to an angle of forty 
degrees. The carrier slides out onto an 
inclined platform which is kept in posi- 
tion by a counter weight. The weight of 
the carrier, however, overbalances this 
and causes it to drop to a horizontal 
position, and the carrier is thrown out 
onto a table in front of the operator. This 
piston is worked by compressed air sup- 
plied from the receiver. Above the front 
end of the receiving chamber is a plate, 
arranged so that it comes down andcloses 
the end of the main tube when the re- 
ceiver is tilted to be discharged. 

The transmitters at both ends of the 
line are the same, but the receiver at the 
main office is very different from the one 
at the sub-station, which is described 
above. At this end it consists of a section 
of the end of the tube closed at the rear 
by a gate. The air, now expanded to the 
same pressure as the atmosphere, passes 
from the tube through openings, four feet 
in front of the receiver gate, down to the 


tank in the basement. The momentum of 


the carrier is checked in compressing the 
air in the chamber after it has passed 
these openings. Part of this compressed 
air operates a piston which opens the 
gate mentioned above, then the small pres- 
sure of air forces the carrier out onto the 
receiving table. If there is not sufficient 
pressure to expel it, the openings can be 
partly closed by means of a valve. As it 
passes out, it hits a small finger which 
causes the gate to be closed. 


These, in brief, are the main features of 


the pneumatic tube system. Improve- 


ments are continually being made in the 
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line of quicker handling and greater ca- 
pacity, and now that it has been proven 
a success there is every prospect that it 
will come into general use in all large 
cities for transmitting mail to the various 
sub-stations. Plans are now being con- 
sidered by the postoffice department to 
further extend the present lines in New 
York, as well as in other cities. 





Signaling and 
Switching 








Pneumatic Interlocking. 


It has been the custom for many years 
to operate the switches and signals of 
large and important track systems from 
a central point, in order that greater 
economy and efficiency in train service 
might be secured than was possible under 
the primitive method originally employed, 
which entailed the use of many men mov- 
ing continuously from switch to switch, 
and a diversity of hand signals and tar- 
gets that, to say the least, were confus- 
ing and oftentimes misleading to engine- 
men. 

In concentrating the operation of 
switches and signals, an important ad- 
junct to their safe operation, heretofore 
impracticable, became possible ; switch and 
signal levers were readily made to inter- 
lock one with another so that a signal 
could be given for a train to proceed 
over a given route only after all switches 
in it were securely set and locked for the 
safe transit of the train over them. Con- 
versely, a signal giving a train right of 
way over a route, locked against opera- 
tion all switches in it until the signal 
was withdrawn. This method of operat- 
ing switches and signals is known in 
railroad vernacular as an ‘Interlocking.”’ 
The apparatus by which they are moved 
is termed an “Interlocking Machine,” 
and the structure in which it is located, 
an “Interlocking Tower.’ 

The levers of an interlocking machine 
are usually mounted in a cast iron frame 
secured to the framework of a_ tower, 
and are massive affairs connected with 
the switches by one-inch pipe lines, which 
are moved longitudinally by the levers in 
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suitable guide rollers or pipe carriers ar- 
ranged to support them at short intervals 
upon suitable foundations, carefully set as 
to alignment. -Signals are likewise oper- 
ated, frequently, but more generally by 
means of heavy iron wires suitably sup- 
ported in anti-friction carriers upon stakes 
or iron straps extending from the pipe 
line supports. 

However carefully applied and however 
well designed the appliances of such a 
system, it is found entirely impossible to 
operate from a single lever,*in large plants, 


a “Sth wheel’ on passenger coaches, by 
adapting compressed air, in the hands of 
one man, to the duties formerly performed 
by the muscular energy of several, it is 
not surprising that his attention was 
turned toward relieving the labor and ex- 
pediting the manipulations performed in 
interlocking towers. 

With the experience that brought the 
air brake'to its present state of perfection 
as an encouragement to the undertaking, 
the development of the Pneumatic Inter 
locking System was begun by Mr. George 
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all of the devices that are permissible of 


such operation, owing to the excessive 
load they would present to the operator 
if thus connected. It, therefore, is cus- 


tomary to perform by the operation of 


two, three, four, and occasionally five 
levers the work that could be performed 
by a single one were the operator’s power 
unlimited. When this fact confronted the 
man who virtually made the hand brake 


Westinghouse, Jr., in 1881, as president 
of The Union Switch & Signal Co. of 
Pittsburg, Pa. 

After years of laborious and costly ex- 
periments, and notwithstanding a_ very 
general distrust of the system during its 
experimental stages, its development was 
carried through successfully, and to-day 
it is the system employed at the leading 
terminal stations in this country and at 
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many minor places. Its introduction at 
the new Southern Station in Boston has 
been attracting widespread interest at 
home and abroad, chiefly because of the 
magnitude of the station itself, but large- 
ly because of the great area and facilities 
of its track system and of the complexity 
of the interlocking necessary to handle it. 
The tracks included in the interlocking 
system contain 31 double slip switches, 
31 pairs of movable frogs and 52 turn- 
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outs—the equivalent of 238 ordinary 
switches. Eleven trains may move simul- 
taneously into or out of the train shed; 
148 semaphore signals are provided for 
the 400 possible routes presented in the 
switch system. 

Each switch and signal is connected di- 
rectly to the piston of a pneumatic cylin- 
der secured to its support; each cylinder 


is provided with a valve controlling the 
admission and discharge of air to and 
from it. These valves are shifted by elec- 
tro-magnets under the control of the in- 
terlocking machine which consists of di- 
minutive levers each arranged to rotate 
a shaft through an angle of 60 degrees 
when operated, and to thereby shift elec- 
tric contacts arranged thereon so as to 
produce the desired conditions of the valve 
magnets (to which they connect) and 
consequently the desired movements of 
the switches and signals. 

These shafts are also adapted to move 
bars lying at right angles to and above 
them, which extend from end to end of 
the machine, and which by a system of 
‘cross locks’? are made to interlock one 
with another in the manner customary 
in other and earlier types of interlocking 
machines. The extremities of these shafts 
are engaged by the armatures of electro- 
magnets which are controlled by the 
switches or signals operated, and which 
are so actuated and controlled by the 
latter that the levers and the devices 
operated by them must coincide in posi- 
tion before a clear route can be produced. 

A miniature model of the track plan 
is mounted vertically upon the machine 
frame, the switches of which move to 
correspond with those in the yard as the 
levers are operated, and give at all times 
a correct representation of the track con- 
nections. 

The signals are mounted generally upon 
iron truss bridges, 9 of which are used 
for their support at the new station. 
They are of what is termed the ‘‘Sema- 
phore”’’ type, consisting of an arm .or 
blade pivoted to a post and extending 
to the right as viewed by enginemen ap- 
proaching it. When horizontal this arm 
signifies danger and is so held by a heavy 
counterweight normally. When declined 
60 degrees from the horizontal it signifies 
safety, and is thus moved, in this system, 
by action of the compressed air upon the 
piston of its operating cylinder. This arm 
carries two colored glasses: a red one be- 
fore a lamp at night is displayed when 
at danger and a green one when at safety. 
From Fig. X a better understanding of 
this device may be had. The electro- 
magnet M is in direct control of the inter- 
locking machine. When de-energized its 
armature is held from the magnet by the 
spring S and the action of the compressed 
air upon the valve stem E, formed by the 
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rod extending from the armature into 
the valve chamber. The pin valve P is 
likewise held seated by the same forces, 
shutting off the escape of the air from 
chamber C to chamber C’, the latter be- 
ing normally connected through the open 
valve E with the atmosphere, as is also 
the signal cylinder port S P. 

When the magnet is energized the valve 
stem E is depressed closing the exhaust 
port E P and opening the pin valve P 
so that the pressure is permitted to enter 
chamber C’ and consequently the cylinder 
of the signal, the effect of which is to 
cause the piston to be depressed and the 
signal operating rod to be elevated, with 
the result that the counterweighted end 
of the signal is likewise elevated and the 
blade lowered to safety. 

When the magnet is de-energized the 
valves assume their normal positions and 
the air escapes from the signal cylinder, 


the signal moving by gravity back to 
danger. 

The switch cylinders are double acting 
and therefore require two such magnetic 
valves, one controlling the pressure at one 
end of the cylinder and one at the other. 

Owing to the large volume of air used 
in the larger cylinders of the switches, 
these magnetic pin valves do not give 
direct admission and discharge of the air 
to and from the cylinders, but control 
small auxiliary cylinders which shift a 
D-valve capable of more readily control- 
ling the pressure to and from the switch 
cylinders. 

This D-valve is further provided with 
a plunger which engages it and prevents 
its movement unless the plunger is first 
withdrawn. The withdrawal of this plun- 
ger is effected by a third magnetic valve 
and auxiliary cylinder and the three mag- 
netic valves are controlled by three separ- 
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ate wires extending from them to con- 
tacts of the interlocking, machine. 

The D-valve lock is a precautionary de- 
vice entirely and is introduced simply to 
remove as far as possible the likelihood of 
a false operation of a switch from un- 
usual conditions and from extreme ne- 
glect to properly maintain it in normal 
order, 

The switch cylinder operates with an 
8-inch stroke a specially designed move- 
ment which gives motion to the switch 
during the forepart of its movement and 
locks it in position during the last part 
ofit. It also gives motion during its en- 
tire stroke to a bar pivotly mounted 
along the outside of the switch rails that 
is known as a “Detector Bar,’”’ and which 


is designed to prevent the movement of 


a switch under a train passing over it, or 
standing upon it. This bar rises imme- 
diately above rail level at the beginning 


of the piston stroke and before the switch 
is moved at all; a train upon the switch 
rails prevents the elevation of the bar 
and consequently the movement of the 
switch. 

Under each switch cylinder is placed a 
cast iron reservoir directly connected with 
the main pressure pipe of the system; 
from the reservoir an armored hose con- 
nection extends upward to the switch 
valve and forms an elastic medium through 
which the valve is supplied with com- 
pressed air, thus avoiding all risk of in- 
jury to the pipe fittings and valves due 
to change of track alignment, and to the 
vibration of trains passing over the 
switches operated. 


The compressed air is generated in the 
Terminal Company’s power house by one 
or the other of two Ingersoll Piston Inlet 
Compressors of 14 in. diameter and 18 
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in. stroke, each capable of pumping 150 
cubic feet of free air per minute—an amount 
vastly in excess of that required for the 


interlocking system, but an amount of 


great value in the event of an emergency 
that momentarily might exhaust the sup- 
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ply in storage. These 


compressors 
therefore running at their minimum speed, 
about 30 revolutions, instead of at 120 
revolutions, their maximum speed, —nor- 


are 


mally. Each compressor discharges the 
air as compressed into receiving tanks 
from which it is conducted to a _ third 
receiver before passing through a system 
of manifold pipes of large radiating sur- 
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DRILLING DETECTOR BARS BY PNEUMATI( 
PRESSURE ON INTERLOCKING SYSTEM 
AT SOUTHERN STATION, 
BOSTON. 


face for reducing it to atmospheric tem- 
perature before entering the supply main, 
and for precipitating the moisture con- 
tained in the heated air at a point con- 
venient for its removal periodically. 

J. A. COLEMAN. 
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The Possibilities of Liquid Air. 


By Evinu THomson.* 

At the outset it must be understood 
that in dealing with the present subject 
the writer does not wish it to be inferred 
that what he calls possibilities are in 
his judgment probabilities of the near 
future, or, that we are upon the eve of 
any great revolution in engineering meth- 
ods as the outcome of the recent labora- 
tory studies of liquid air. Much further 
study and much additional data are re- 
quired before anything more than mere 
suggestion can be made in this fascinating 
field; for, say what we may, the subject 
possesses an attraction for those who are 
accustomed to look ahead, remembering 
that the laboratory experiments of one 
day and generation have often in the past 
become the foundations of great indus- 
tries. It took three-quarters of a century 
for Davy’s electric arc to develop into the 

* Engineering Magazine. 
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beginnings of commercial are lighting, and 
nearly fitty years elapsed after Faraday’s 
brilliant researches in magneto-electricity 
before dynamos became a part of engineer- 
ing. Yet Faraday had built a primitive 
dynamo and its reversed form was known 
in primitive types of electric motor. 

Who would have supposed, when am- 
monia gas was first liquefied by pressure, 
that before the close of the century com- 
panies would be doing business by send- 
ing it about in pipes for refrigeration? 
Yet such is the fact. 

The splendid studies in liquid air and 
other gases carried on by Professors De- 
war and Fleming, on the very spot where 
Faraday had made his memorable re- 
searches in the liquefaction of gases, form 
a fitting sequel to the work of that great 
pioneer. 

The object of the present article will be 
to suggest rather than predict directions 
in which, under certain conditions, liquid 
air may possibly become a factor in en- 
gineering. And in the absence of favor- 
able conditions need it be said that such 
possibilities will not be capable of realiza- 
tion? 

Let us assume the availibility of some 
innocuous gas liquefiable at about one 
hundred atmospheres pressure, at tem- 
peratures easily and cheaply attained, and 
at no cost for the gas itself. In such a 
case there can be no doubt of its soon 
finding enormous application in the stor- 
age and recovery of energy. Cheap power 
would be used to compress and liquefy 
it, after which it would be stored in quan- 
tity, either at atmospheric pressure or at 
some selected higher pressure. Such a 
liquefied gas would be stable, or remain 
in the liquid state, if heat were prevented 
from reaching it. This could be done, 
not perfectly of course, by surrounding 
the containing vessel with a liberal thick- 
ness of some good non-conductor of heat. 
That part of the gas which would in- 
evitably escape on account of the lack of 
perfect heat-insulation would be cold 
and would be made to traverse the 
non-conducting covering in successive 
lavers from within outward, and thus 
assist in cooling the covering and in 
preventing access of heat to the liquid; 
or, the escaping gas might even be made 
available for power in an engine, if the 
liquid were kept under a proper working 
pressure. In this case further heating of 


the gas, analogous to superheating of 


v4 


steam, could be employed before sending 
it to the engine. But little of the energy 
of the heat so added would be lost, and a 
considerable part of it could be supplied 
by the surrounding air or by water. 

With such a liquefied gas produced at 
one place by cheap power and carried to 
another for evaporation ‘and recovery of 
power, ice could be made as a by-product. 

In many plants used for the develop- 
ment of power on a large scale, a twenty- 
four hours’ output is not called for, but 
could be attained at but slight additional 
expense. The excess power from such a 
plant needs some means of utilization. 
This excess power, as during periods of 
otherwise light load, could be employed 
to liquefy the assumed gas. On a large 
scale this procedure would not be costly, 
supposing the use of highly developed 
machinery. The liquid product could then 
be transported in tanks provided with 
heavy lagging and special arrangements 
to prevent access of heat from the outside. 
Perhaps it could be distributed by a well- 
covered pipe-line. The unavoidable evapo- 
ration which would be involved in the pipe- 
line transportation might not be alto- 
gether a loss, for if the line be under a 
pressure suitable for engines the escaping 
gas might possibly be tapped out at in- 
tervals, heated, and used for power along 
the line of way. 

But the foregoing considerations are 
based upon the existence of a gas at no 
cost, with desirable properties rendering 
its liquefaction easy. Such a gas does 
not in fact exist. There then arises the 
question whether we can render available 
any of the gases known to us. Carbonic- 
acid gas is cheap, but still far too costly 
for use in the way proposed. It would 
not pay to send it back long distances 
for recompression and reliquefaction. It 
costs too much to be thrown away after 
it has been once used. 

The air itself meets the condition of no 
cost for material in the case. We owe 
much the larger part of our present knowl- 
edge of the properties of liquid air to a 
brilliant series of investigations undertaken 
some years ago by Professor Dewar at 
the Royal Institution in London, and 
continued later by Professors Dewar and 
Fleming conjointly. The effects of the ex- 
ceedingly low temperature attained by the 
evaporation of liquid air, upon electric 
conductors, dielectrics, electrolytes, etc., 
have been carefully studied by them. Few 
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are able to appreciate the labor and pains- 
taking effort that must have been expend- 
ed.in these researches. 

In culmination, Professor Dewar has 
indeed lately succeeded in reducing even 
hydrogen, to a liquid and in collecting 
quantities of it. Temperatures not far re- 
moved from absolute zero (—273 degrees 
C.) are obtained by the evaporation of 
liquid hydrogen. But the absolute zero, like 
the dynamo of 100 per cent. efficiency, may 
by’each advance be more and more closely 
approximated’ but never reached. This 
low-temperature research has shown that 
at temperatures as low as —200 degrees 
C., attainable by evaporation of liquid 
air, conducting metals, as copper, plati- 
num, silver, etc., when in a very pure 
state, have their conductivities so much 
enhanced that electric currents flow with 
but a fraction of the resistance experi- 
enced at ordinary temperatures. Research 
has shown that at absolute zero they 
would become perfect conductors. Profes- 
sors Dewar and Fleming also found that 
liquid air is a very perfect insulator, and 
that ice and many frozen electrolytes even 
become excellent insulators at the tem- 
peratures of liquid air; and in general 
that intense cold in insulators improves 
the insulation, just as it improves the 
conductivity of conducting-metals when 
they are pure. 

Unfortunately, however, the  liquefac- 
tion of air requires rather extreme con- 
ditions, and in the early work of Dewar 
was an exceedingly costly process. 

The discovery of the fact that air com- 
pressed, cooled and collected in a reservoir 
at from 100 to 150 atmospheres might 
be made to liquefy a portion of its own 
volume, rendered possible the procuring 
of liquid air by a more direct and simple 
means. This discovery is claimed by sev- 
eral persons, the merits of whose claims 
will not be here discussed. When highly 
compressed air escapes from a_ suitable 
orifice it is cooled by its own expansion. 
If the cooled air be now caused to circu- 
late around a long coiled pipe, which 
brings the compressed air to the jet in 
such a way that the portion of pipe near- 
est the jet is the first to be met by the 
cooled air, and so back progressively from 
the jet; further, if the whole be thoroughly 
jacketed by a non-conducting covering, the 
temperature at the jet soon falls sufficient- 
ly low to cause liquefaction of a portion 
of the air even at ordinary atmospheric 
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pressure. The operation itselfis cumulative 
or self-intensifying, since the cooling due 
to expansion is employed, on the regen- 
rator principle, to cool most effectively 
the compressed gas on its way to the jet 
and ready to expand. 

If air be compressed to about 800 at- 
mospheres it may be made to occupy the 
same space as it does when liquefied, but 
even at higher pressures it would remain 
gaseous. Ordinary temperatures of the sur- 
rounding air are far above the critical 
temperatures of the gases composing it. 
In order that it may liquefy, it miust lose 
kinetic energy or be cooled; the velocity 
of the moving molecules must be brought 
down. The removal of heat is essential, 
and the process of liquefaction can only 
be carried on by cooling the gas during 
or after compression. Conversely, liquid 
air confined in a closed and filled recepta- 
cle, when allowed to regain the heat lost 
in being liquefied, would become gaseous 
and exert a pressure of about six tons 
per square inch. 

That the processes for producing liquid 
air will be developed so as to reduce the 
cost to an extent such as to render it 
available in place of a more ideal gas 
would be a vain prediction to make at 
present. 

Liquid air consists chiefly of a mixture 
of four parts of nitrogen to one of oxygen. 
The presence of the oxygen is a disad- 
vantage, inasmuch as fierce combustion, 
if not explosion, may be occasioned by 
bringing liquid air into contact with com- 
bustibles in presence of a spark or fire. 
Fine cotton fibre and suchlike substances 
soaked in liquid oxygen are highly ex- 
plosive. It is easy, however, to separate 
the oxygen from the nitrogen by fractional 
distillation at low temperatures, or 
methods may be employed to condense 
the oxygen separately from the nitrogen. 
Doubtless, oxygen gas so separated from 
its companion would have a value in 
chemical and metallurgical processes. The 
remaining nitrogen liquefied would be per- 
fectly safe. Can it be transported? 

The fact that a three-gallon milk-can 
of liquid air was brought by Mr. Tripler, 
of New York, from that city to Lynn, 
Mass., a journey occupying nine hours, 
and that not more than one-third of the 
liquefied gas was lost, although the only 
covering for heat-insulation was about 
2% inches of ordinary steam-pipe felting, 
goes far toward indicating the possibility 
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of transportation. With a tank of 20 
times the linear dimensions of the milk-can 
referred to, the surface for loss of heat 
would rise to 400 times while the capacity 
would have increased to 8,000 times, and 
with no better lagging it is easily seen 
that the daily loss would then be not 
over 5 per cent. Doubtless, however, im- 
proved means for heat-insulation would 
make the loss but a fraction of this 
amount. If the tank were kept under a 
pressure of, say, 200 pounds to the square 
inch, a suitable safety-valve being pro- 
vided to prevent excess of pressure, the 
evaporated gas or air could be made to 
do work, especially if superheated. If the 
tank were in a train the motive power 
might, at least in part, be derived from 
the normal evaporation from the tanks. 
Further, let us imagine a pipe-line well 
insulated for heat, and it is easy to see 
that if the velocity of flow equalled the 
train-speed in the Journey of the milk-can 
from New York to Lynn, the percentage 
loss in a pipe of the diameter of the milk- 
can with no better lagging than is pos- 
sessed would be the same or even less. 
Here again perfection of heat-insulation 
might make quite a saving, and the evapo- 
rated gas might, if the line were under 
pressure, be made available for power 
along the line of way. 

Whether the liquefied gases of the air 
can be employed in this way, will, how- 
ever, depend upon the development of 
efficient methods of extracting the heat 
and effecting condensation of the air. 
That liquid air possesses no advantage 
for refrigeration is without doubt true, 
unless the refrigerating effect be obtain- 
able as a by-product, so to speak, of 
energy conveyance, 

Liquid air represents air compressed to 
about 800 atmospheres, but existing with- 
out pressure. No heavy and excessively 
strong tanks are needed for storing it. 
If it be pumped into a closed receptacle, 
under regulated pressure it may be evapo- 
rated by the heat of the air, or that of 
surrounding objects, or it may receive 
heat from bodies undergoing refrigeration, 
as water being converted into ice; after 
which heating operation it may be fur- 
ther heated to the melting-point of lead 
by heat of combustion, and be finally used 
in a suitable engine where its expansion 
may develop power. During itsexpansion 


and delivery of power to the pistons of 


the engine it may become so cooled as to 





be discharged from the exhaust at nearly 
normal atmospheric temperature and pres- 
sure. 

The power expended in compressing 
and liquefying air is, of course, converted 
into heat and thrown away. The prod- 
uct, liquid air, has no inherent power 
of energy in itself. It represents negativ- 
ity, bearing somewhat the same relation 
that an exhausted globe does to the sur- 
rounding air. It may become the means 
for rendering the normal energy in the 
surrounding air available. Liquid air has 
capacity for taking up the ordinary heat 
of surrounding objects and thus acquiring 
pressure. It can be superheated very efh- 
ciently, and so used in the form of com- 
pressed air in an engine. The superheat- 
ing will, of course, tend to raise greatly 
the total efficiency. The inevitable losses 
in the compressing and liquefying proc- 
esses would in part be made up in the 
added heat, the amount of which is small 
and efficiently employed. We have no re- 
liable data of large-scale operations, and 
can as yet reach no certainty as to the 
efficiency attainable in compression and 
liquefaction or in recovery of power. It 
is possible that the separation of oxygen 
which would probably possess a value in 
metallurgy, might tend to diminish the 
cost of condensation. So also the refriger- 
ation which is obtained during evapora- 
tion might help the recovery end. Where 
so much is “in the air’? we must be con- 
tent with suggestions only, and they may 
never be realized in practice. The power 
required to be expended in liquefying a 
given amount of air can be approximately 
estimated, and an assumed efficiency of 
plant may be made to do duty in place 
of exact figures where none are to be 
had, and if the conclusions based thereon 
are understood as tentative and subject 
to extensive modification in view of fur- 
ther advances in our knowledge, no harm 
is done. 

In making an estimate of the cost.of 
liquid air as produced on the large scale, 
the factors of plant-efficiency, mainten- 
ance, etc., come in to a greater or less 
extent. Assuming that air be compressed 
as nearly isothermally as possible, and 
that in a large plant a possible total 
efficiency of seventy per cent. might prob- 
ably be realized, each horse-power. hour 
might thus be expected to compress nearly 
10 pounds of air to a pressure of 2,000 
pounds to the square inch. If such com- 
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pressed air, on being expanded in a very 
carefully arranged self-intensifying appara- 
tus should condense 25 per cent. of the 
air admitted we would have about 2% 
pounds of liquid air per horse-power hour. 
The assumed proportion, 25 per cent., 
seems not improbable in view of all the 
data—meagre enough, it is true—which 
have come to the writer’s knowledge. 

If the power cost be taken at $20 per 
year in large units and an additional 
charge of $10 be allowed for each horse- 
power of the compressing and condensing 
plant, its interest, maintenance, and oper- 
ating expenses, the cost per pound of 
liquid air would be about one-sixth of a 
cent, assuming the plant to run 7,200 
hours per year. This estimate, subject to 
modification from the very nature of the 
problem, would make. the liquid air cost 
for production about 8 cents per cubic 
foot. If oxygen, separated by fractional 


amounts in excess of the cost of the air 
the remaining nitrogen would, of course, 
be producible at a lower figure. 

It is probably within the possibilities 
that a cubic foot of liquid air or nitrogen, 
if allowed to heat from its surroundings 
and then be further heated to 200 degrees 
C., could, in a high-pressure engine, yield 
about five horse-power hours. If at the 
same time the vaporization of the air were 
attended by useful refrigeration, as in 
making ice, the cost of recovery would 
diminish. Need it be said here, however, 
that even if the cost of horse-power of 
recovered energy much exceeded that which 
is indicated in the foregoing estimates 
or assumptions, a demand may still ex- 
ist for a source of power having great 
compactness, freedom from nuisance, no 
heated nor noxious exhaust, and of un- 
equaled controllability? The horseless- 
vehicle problem certainly presents us with 
an instance in point. 

It would seem, however, that certain 
uses may be found for liquid air in which 
considerations of cost are not so impor- 
tant as is the ability to obtain the effects 
in view. In warfare, for example, the 
possession of highly concentrated energy- 
stores under control is very important. 
Liquid air can be rapidly converted into 
compressed air at six tons per square 
inch. This would probably be useful in 
the projection of high explosives. Com- 
pressed air is now used for propelling mobile 
torpedoes, or fish-torpedoes as they are 
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called. Dirigible torpedoes either depend 
for power upon compressed air or the 
electric energy of a storage battery. Com- 
pressed air requires high pressures and 
very strong and heavy containing-vessels. 
Liquid air can be stored without pressure 
or at low pressures, and can be evapo- 
rated at any desired pressure, while its 
bulk represents that of air under S800 at- 
mospheres. A storage battery would prob- 
ably be from five to ten times as heavy 
as liquid air in a receptacle, for equal 
available energy. But no storz ge-battery 
could be discharged at an equivalent rate. 

Submarine boats and flying machines 
may yet find use for liquid air. In the 
submarine boat it could be evaporated 
by the heat of the surrounding water, 
and after furnishing power it would venti 
late the boat. Before its final discharge 
it could be burnt with oil in a fuel-engine 
for further power. We may find use for it 
in the flying machine. For emergency 
work it could in evaporating cool the 
evlinders of a fuel engine and yield power 
as a result. Moreover, control of the sub- 
mergence of a boat could be effected by 
the use of liquid air, so easily gasified, to 
add to the displacement. 

The great feature of the application of 
such a power as liquid air would be its 
emergency value. By this is meant the 
ability to obtain at will a sudden output 


far beyond the normal. Animal power 
notably possesses this emergency value, 


and the success of electric trolley systems 
largely depends upon the fact that, when 
needed, the station can be called upon for 
a temporary delivery to any single car 
or train, of a power greatly in excess of 
the rated output of the motors. 

Suggestions have already been made of 
the use of liquid air or oxygen, mixed 
with combustibles as a high explosive. 
Such an explosive can be made at the 
time of use, and if left unexpleded, either 
by accident or design, soon loses its dan- 
gerous character by evaporation of the 
liquid gas. 


Liquid air may also be used in the 
rapid production of high vacua. Let the 


bulb to be exhausted be filled with a gas 
such as corbonic acid, more condensible 
than air, and be provided with an exten- 
sion that can at any time be sealed off. 
If now the extension-piece be immersed 
in liquid air the condensible gas will be 
taken from the bulb and deposited in the 
solid state in the extension-piece. This is 
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now sealed off, leaving a high vacuum in 
the bulb, particularly if the same be 
heated during the process. 

A fascinating speculation for the electri- 
cal engineer is the possibility of so cooling 
the conductors of electric lines or ap- 
paratus as to improve the conductivity 
many times, and so diminish the losses 
in any given length of conductor, and at 
the same time greatly improve the insu- 
lation. Professors Dewar and Fleming 
have shown, however, that it is a con- 
dition of this enormous improvement in 
conductivity that the metals be very pure, 
a very small percentage of impurity great- 
ly lessening the result. As regards the in- 
sulation, they have shown that dielec- 
trics and even electrolytes become insu- 
lators of excellent character when cooled 
to the temperature of liquid air. What 
effect such a lowering of temperature 
would have upon the dielectric strength 
or striking distance between conductors 
at great differences of potential is not as 
vet determined, so far as the writer is 
aware. The result to be expected froma 
consideration of the effect of heating upon 
dielectric strength or striking distance is 
that very low temperature will make it 
far more difficult to break down insula- 
tion by sparking through it. 

That the electrical engineer covets just 
such agencies as will thus extend the 
range of possibilities in his art needs no 
proof. He would be apt to choose a pipe- 
line conveying liquid air as the very best 
location for his conductors, assumed to 
be made of as pure metal as possible, the 
high insulation probably attainable being 
the chief object. Whether his conductors 
were placed outside such a pipe or within 
the same, he could no doubt adapt him- 
self to the conditions, provided he could 
get the benefit of the low temperature in- 
sulation, and possibly, to a certain ex- 
tent, a gain in conduction. 

It is indeed very questionable whether 
a pipe-line will ever be laid and kept filled 
with liquid air solely for its electrical 
benefits, but if such a line were also used 
to supply liquid air to a distant point 
and the normal evaporation utilized, the 
case would be somewhat modified, though 
the improbability of such a combination 
being put into service, at least within any 
reasonable period, still remains. 

It will be the proper attitude for the 
conservative and at the same time pro- 
gressive engineer to await the possession 





of full and accurate data before drawing 
any conclusions as to future practice. 
Suggestions of possibilities are, of course, 
useful, even if only a fraction of them 
prove realizable, and no attempt is here 
made to do otherwise than call attention 
to matters which must from their nature 
possess more or less of interest. 


Liquid Air and Low Temperatures. 
W. H. SWENARTON.* 


Probably no other discovery of the last 
quarter of a century has created such 
widespread interest and astonishment as 
the simultaneous liquefaction, by Messrs. 
Pictet and Cailletet in 1877, of air, hith- 
erto considered as a permanent or incon- 
densable gas. This discovery was of little 
value commercially, however, because of 
the enormous expense of the product, and 
therefore, outside of its value as a scien- 
tific achievement, it was practically worth- 
less. With the recent anaouncement, how- 
ever, by Mr. Tripler of New York, that he 
can produce this substance in practically 
unlimited quantities, the value of this 
product assumes more tangible propor- 
tions, as the uses to which this incon- 
ceivably cold and extremely volatile liquid 
can be put are almost innumerable. 

The evolution of the production of low 
temperatures has been gradual yet won- 
derful in its:development. Two hundred 
years ago when Fahrenheit was striving 
to produce cold bv artificial means for 
the sake of establishing a zero for his 
new thermometric scale he boasted that 
no one could obtain a lower temperature 
than that which he had produced by a 
mixture of snow and ice. Since Fahten- 
heit’s day scientists have been gradually 
probing the depths of temperature, until 
to-day a point over 400 degrees below 
the lowest point ever reached by Fahren- 
heit, has been obtained. 

Three methods for producing low tem- 
peratures are known. 1st: By the rapid 
solution of a solid. 2d: By the rapid 
evaporation of a volatile liquid. 3d: By 
the rapid expansion of a cooled and com- 
pressed gas. 

Up to 1820 the first method, that is, a 
freezing mixture, was used entirely, and 
in this manner a temperature of 50 degrees 
below zero centigrade was obtained. 

* Vale Sctentific Monthly, 
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In 1823, Faraday, by combining pressure 
with refrigeration, succeeded in liquefying 
all except six of the existing gases, namely, 
by heating. in one limb of a sealed siphon 
a mixture which evolved the desired gas, 
and immersing the other limb in a freezing 
mixture. The gas was thus liquefied in 
the cold limb by pressure proceeding from 
its own expansion. Faraday reached a 
limit, however, in oxygen, hydrogen, nitro- 
gen, nitric oxide, carbon monoxide, and 
marsh gas. He subjected them to a pres- 
sure of 1,000 pounds per square inch, 
subsequently increased by others to 4,000 
pounds, without affecting their liquefac- 
tion. Hence these gases were termed per- 
manent, or incondensable gases, because 
it was supposed that they would remain 
gaseous. under any conditions. 

It was not until 1869 when Dr. Andrews 
of Belfast discovered the important fact 
that unless these gases be cooled to a 
certain temperature, known as the critical 
temperature, and varying in different gases 
as the following table will show, no 
amount of pressure will liquefy them. 


CRITICAL CONSTANTS. 

Temperature *Pressure 
in Degrees in At- 

Centigrade. mospheres. 

Hydrogen, —240 13.3 
Nitrogen, —146 33: 
Carbon monoxide, —140 39. 
Oxygen —119 50. 
Methane, —100 50. 
Nitric oxide — 93 ad. 
Tthvlene, + 10 Si. 
Carbon dioxide, + 32 a1. 
Nitrous oxide, + 53 75. 
Acetylene, + 57 68. 


This important discovery created quite 
a sensation in the “ scientific world’ and 
gave a new impulse to the workers in 
this field of physical research. Chief among 
these were Pictet, a Swiss chemist, and 
a French chemist, Cailletet.. These two 
men although working and investigating 
entirely independent and ignorant of each 
other, simultaneously announced to the 
Academy of Sciences on December 24th, 
1877, their success in liquefying air. . The 
incredulousness of this discovery to the 
public may be compared to that of a 
skeptical African chief, who, having ac- 
cepted the many reports as related to him 
by his white visitor, absolutely refused 

* The above equals the amount of pressure re- 


quired to liquefy a gas when cooled to the critical 
temperature and is known asthe critical pressure. 
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to: believe him, when-.he was told that, 
owing to the intense cold in some coun- 
tries, the rivers became so solid that 
people actually walked over them. 

Pictet cooled carbon dioxide by sur- 
rounding it with liquid sulphurous acid 
until a temperature was reached at which 
it liquefied. (Although at atmospheric 
pressure the boiling point of sulphurous 
acid is relatively high at reduced pressure 
it is very much lower). He then obtained 
a still greater degree of cold, by allowing 
the liquid carbon dioxide to evaporate 
rapidly in an.exhausted space. The oxy- 
gen was generated in the usual way from 
potassium chlorate, by heating it in a 
strong iron retort. In this way apressure 
of several hundred atmospheres was ob 
tained. The retort was then surrounded 
by this liquid carbon dioxide, boiling in 
a vacuum, and a temperature finally re 
sulted, which liquefied the oxygen. 

Cailletet’s process was practically the 
same as the one in use at present. His 
method consisted in exposing the oxygen, 
or whatever gas he wished to liquefy to 
enormous pressure produced by means of 
a hydraulic press, while at the same time 
the temperature was lowered, by suddenly 
allowing the gas to expand. In this man 
ner a sudden disappearance of heat energy 
occurred, it being absorbed and_ trans- 
formed into mechanical motion. By this 
method Cailletet succeeded in liquefying 
hydrogen, a gas whose critical tempera 
ture is but 33 degrees centigrade, above 
the absolute zero of temperature, that is, 
the point where a gas, if it did not liquefy 
would have zero volume, but as matter 
is indestructible, it is evident that every 
gas must liquefy before the absolute zero 
of temperature is reached. He was unable 
to collect any of the liquid hydrogen, 
however, it merely appearing as a mist 
on the inside of his tube, when the great 
pressure of 300 atmospheres, to which 
the gas was subjected, was suddenly re 
lieved. The explanation of this method 
is that the gas first of all cooled, on ac- 
count of its quick expansion, because of 
the transformation of the heat energy into 
mechanical motion, in temperature below 
its critical point and then becomes lique- 
fied under the enormous pressure to which 
it is subjected. 

These results by Cailletet and Pictet, 
and a few years later Dewar, led to the 
inevitable conclusion that solids, liquids, 
and gases were but different forms of 
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matter through which any substance could 
be made to pass by the addition or with- 
drawal of heat and pressure. It was held 
that every known substance, that is any 
of the elements, would behave similarly 
if heated or cooled sufficiently. 

Professor Dewar of Glasgow, working 
in the same laboratory in which Faraday 
so successfully experimented, succeeded 
in 1883 in liquefying all known gases ex- 
cept hydrogen and fluorine. His method 
involved practically the same process as 
that employed by Pictet in 1877, except 
that he cooled and liquefied ethylene gas, 
instead of carbon dioxide gas, with sul- 
phur dioxide. Then by means of the liquid 
ethylene, boiling in a vacuum, he cooled 
air and other gases below their critical 
temperatures and liquefied them by pres- 
sure, due to their own expansion. To him 
belongs the credit of first liquefying air in 
quantity. 

Liquefied air and nitrogen were first 
collected in any desirable quantity by 
Olzewski, in 1885. Later, by using oxy- 
gen as a cooling agent, he cooled a _ tube 
containing hydrogen under a compression 
of 150 atmospheres, to 211 degrees below 
zero centigrade, and then by further cool- 
ing the hydrogen, by allowing the con- 
fined gas to suddenly expand to a pres- 
sure of only 20 atmospheres, he obtained 
liquid hydrogen. By boiling liquid oxygen 
in a vacuum he obtained a teniperature 
of 225 degrees below zero centigrade. By 
boiling the liquid hydrogen, which he sub- 
sequently obtained, in a vacuum, a tem- 
perature of —264 degrees C. was obtained, 
but 9 degrees from that coveted absolute 
zero Of temperature, which scientists have 
sought for as eagerly as have explorers 
the North Pole. Olezwski’s process was, 
however, very complex and expensive. 

The economical liquefaction of air has 
only very recently been accomplished by 
Mr. Tripler of New York, who has for 
many years been experimenting and striv- 
ing to reach this end. His method is 
what is known as the “self intensifaction 
of cold,’’ or the method of the expansion 
of air under pressure. In short, he pro- 
duces liquid air simply by the expansion 
of compressed and cooled air, without em- 
ploying any other substance than liquefied 
air to bring this about. Mr. Tripler first 
produced liquid air in 1890 by the same 
method used by him to-day, only of course 
with very crudeapparatus. His apparatus 
consisted’ of a compressor connected by a 
tube to a coil, containing an inner tube 


which has a valve at the top. This coil 
is in turn surrounded by a glass tube 12 
in. by 1 3-16 in. diameter open at the 
bottom. Air under a compression, of 2,- 
000 pounds is forced from the compressor 
through the coil, up through an inner 
tube, and out a valve at the top. By the 
expansion of the escaping air, the coil 
and the inner tube were so cooled, that 
liquid air trickled down the pipes and 
dropped out at the bottom of the tube. 
The plant as it is to-day, after eight 
years of experimenting and testing, con- 
sists of a triple air compressor, a cooler 
and a liquefier. The compressor is of the 
ordinary form having three pumps upon 
one piston shaft, working in a line, The 
first pump compresses the air to 60 pounds 
per square inch; the second raises this ;to 
750, while the third brings the air under 
a compression of 2,000 pounds per square 
inch. After each compression the air is 
forced through jacketed pipes, in which 
it is cooled by city water to about 50 
degrees Fahrenheit. After the third com- 
pression (40 H. P. is used for this com- 
pression) it flows through a purifier and 
thence into what is termed a lquefier. 
This appatarus consists of a felt and can- 
vas-covered tube, 15 feet long and 11% 
feet in diameter, placed about five feet 
above the floor. The interior is full of 
pipes and coils. These are in two sets, 
the first of which contains compressed 
air to be liquefied while the second is 
filled with compressed air which is to do 
the liquefying. By means of a valve this 
air is allowed to escape through a small 
hole when it rapidly expands and rushes 
over the first set of pipes greedily licking 
up all the heat contained in them. Finally 
after about five minutes, so much, heat 
has been extracted from the first set of 
pipes that the air in them is cooled way 
below the critical temperature, and owing 
to the intense cold and the enormous 
pressure, this air becomes liquefied. Often- 
times such a cold prevails in the appara- 
tus at this stage, that even the air used 
to do the liquefying is liquefied and some- 
times even frozen. If now the valve in 
the first set of pipes be turned, liquid air 
rushes out in the form of a dense white 
chilly mist as on exposure to the normal 
air, which is 390 degrees F. hotter than 
the liquid air, it instantly vaporizes. 
Thus Mr. Tripler makes liquid air at a 
cost of about 20 cents a gallon. It is.this 
fact wherein the value of Mr. Tripler’s 
method lies. The production of liquid air 
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by Dewar in 1885 at a cost of $500 a 
pint, was hailed by scientists as a very 
creditable achievement. From this fact a 
slight idea of the greatness of Mr. Trip- 
ler’s accomplishment may be seen. 

With some of this liquid air produced by 
Mr. Tripler, Professor Barker, of the Uni- 
versity of Pennsylvania, recently perform- 
ed before the students a very interesting 
series of experiments. By means of this 
extremely cold liquid, he froze mercury 
and alcohol, the thermometric substances. 
When iron, tin, steel or rubber were dipped 
in this liquid they became extremely brit- 
tle. The tensile strength of metals was 
found to be vastly greater after immer- 
sion in this liquefied air, and in the case 
of iron this increase reached 88 per cent. 
In the same manner the electric resistance 
decreased after immersion, and it is claim- 
ed after numerous experiments and pro- 
fuse calculations, that all metals would 
become perfect conductors at absolute 
zero. It is by their practical application 
of this phenomenon that these extremely 
low temperatures are measured; namely, 
by measuring the resistance of a platinum 
wire before, and after, immersion in the 
liquid whose temperature is to be measur- 
ed. Then from these resistances the tem- 
perature of the liquid can be calculated. 

Perhaps the most startling experiment 
performed by Professor Barker was the 
placing of an ordinary tea kettle contain- 
ing liquid over an intensely hot flame. 
This caused the liquid to boil terrifically 
and it shot from the spout in straight 
columns three or four feet into the air. 
The carbon dioxide generated by the 
flame froze in a solid layer on the bottom 
of the kettle which was but a few inches 
from the flame. When a glass of water 
was poured into this seething liquid it 
was frozen solid, although the liquid was 
at a temperature of 191 degrees below 
zero centigrade, when the hand was dip- 
ped into it a sensation indistinguishable 
from that of a severe scald was experi- 
enced. If, however, the hand were with- 
drawn immediately, no injury resulted, 
because the moisture on the hand evapor- 
ating, formed a sort of non-conducting 
cushion. When, however, the hand was 
not immediately withdrawn it was soon 
robbed of its protecting cushion, and 
severely scarred. When this liquid air was 
poured from the kettle and filtered, to 
free it from the frozen particles floating in 
it, the liquid was seen to be of a pale 
blue color. This liquid was almost pure 
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liquid oxygen as in the previous boiling 
most of the nitrogen—the other constitu- 
ent of liquid air—was distilled off, for its 
boiling point is 13 degrees C. below that 
of oxygen. From the pale blue color of 
this diluted oxygen, as it still contains 
liquid nitrogen, which is colorless, and 
from the indigo blue color of ozone, that 
is, condensed oxygen, a theory has been 
advanced, attributing the blueness of the 
sky to the oxygen in the air. When phos- 
phorus, for which oxygen at ordinary tem- 
perature has a great affinity, is brought 
in contact with liquid oxygen, no com- 
bination and vigorous combustion results, 
as takes place at ordinary temperature. 
Should the liquid air be confined in a ves- 
sel a terrific explosion would result, as 
one volume of this liquid air will expand 
to 748 volumes of gaseous air. If placed 
in an ordinary open glass flask, or bulb, 
the liquid air will rapidly volatilize and 
the moisture in the surrounding air will 
be condensed and frozen in the form of a 
shaggy white coating on the outside of 
the flask. A very suitable receptacle for 
this liquid was devised by Professor De- 
war. This is merely a double globe with 
a vacuum between, which being a non- 
conductor of heat prevents the passage 
of it by convection. Heat is conveyed in 
another manner, however, namely, by 
radiation. To prevent this the inside of 
the outer globe was silvered. It was 
found that liquid air would last 10 times 
as long in a silvered Dewar bulb as in an 
unsilvered one. Another very excellent 
apparatus for storing liquid air consists 
of four globes, one within the other. In 
the first or outer space, between the first 
two globes, is inserted a mixture of liquid 
carbon dioxide and ether, which is at a 
temperature of -110 degrees C. In the 
second space liquid ethylene is placed, at 
-160 degrees C. In the third space liquid 
oxygen or air at -190 degrees, and in the 
fourth space the liquid air to be stored, 
also at a temperature of —190 degrees. 
With this receptacle, although there is 
considerable loss by evaporation, it is pos- 
sible to store the liquid air for a reason- 
able length of time. The uses to which 
this condensed gas can be put are innum- 
erable. Probably its greatest future use 
will be as a source of power. It will be 
extremely valuable for medicinal purposes 
and surgery. For refrigerating purposes 
it will be almost indispensable. As an 
explosive it will rival, and even surpass, 
nitro-glycerine and dynamite. 
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| Mining and Kindred 
Enterprises 

















Pneumatic Cyanide Process, 





Under various forms the mining papers 
of the West have been printing the ac- 
count of what is called the Pneumatic 
Cyanide Process. It is claimed that it 
will revolutionize the treatment of ore. 

The features of the ‘‘Pneumatic’’ pro- 
cess are so easily understood that it does 
not require an “expert” or a thorough 
chemist to appreciate them, for every 
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hours what it takes days to do if the ore 
and solution remain unmoved in the leach- 
ing vats. 

Many attempts have been made to stir 
or agitate the mass of leaching ore by 
machinery; but the great cost of power, 
expensive construction, breakage of parts, 
etc., have caused them to be abandoned, 
and mill owners have gone back to the 
old slow process of letting the ore stand 
for days in the leaching vats because there 
was no practical and cheap way of agi- 
tating them, or of getting the oxygen 
through the solution, except by the slow 
absorption from the atmosphere. 

Just at this time, when it seemed as if 
improvement in the cyanide process was 
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Fic. NO. 1 SHOWS A SERIES OF LEACHING VATS, OR TANKS, FITTED WITH PIPES AND VALVES 
FOR THE INTRODUCTION AND CONTROL OF THE COMPRESSED AIR. 














Fic. NO. 2 IS A CROSS SECTION, CUT THROUGH THE MIDDLE OF No, 1, AND SHOWS THE 
AIR PIPES BETWEEN THE TRUE AND THE PERFORATED FALSE BOTTOMS OF 
THE VATS, AND THE TRAP DOOR IN THE BOTTOM FOR 
DISCHARGING THE LBACHED REFUSE. 


mining man has had more or less experi- 
ence with compressed air, and most of 
them know something about the cyanide 
process and understand that oxygen is 
absolutely necessary in a solution of cya- 
nide of potassium in order to form a 
new compound called “Cyanogen,” which 
is the true solvent of the gold. They 
know also that agitation hastens the 
process of dissolving and extracting the 
values during the leaching process, be- 
cause agitation, or stirring, enables the 
oxygen of the air to reach the solution 
more rapidly to form “Cyanogen” and 
also to bring the ore and solution into 
more intimate contact, and does in a few 


at a standstill, the ‘‘Pneumatic” process 
comes forward with a method so simple 
and so effective that, as we said before, 


it is a wonder that it was not thought of 


sooner. 

It is simply the introduction of strong 
currents of compressed air into the bottom 
of the leaching vats, which force their 
way upward bubbling and boiling through 
the mass of crushed ores and cyanide 
solution, and thus furnish both the oxy- 
gen and the agitation needed for the 
rapid and thorough extraction of the 
gold. This method of forcing the air 
through the leaching ores can be readily 
understood by means of the cuts shown. 
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FiG. No, 3. 

No. 3 is a view of the bottom of a 
leaching vat, with a portion of the per- 
forated false bottom cut away to show 
the coil of perforated air pipe, by which 
the compressed air is evenly distributed 
over the entire bottom of the vat. 

It can be readily seen from these illus- 
trations how fully this process solves 
the problem of leaching the ores rapidly 


and thoroughly—requiring only hours 
where old methods required days. It 


also drives all the slimes to the surface, 
where they cannot interfere with per- 
colation, as they do when permitted to 
settle at the bottom of the vats. 

Experience has proven that a hot solu- 
tion of cyanide of potassium is more ef- 
fective in dissolving gold than a cold one; 
but until this process was invented, no 
practical method of heating rows of large 
vats filled with solution and leaching ores 
was known. Now, however, by simply 
passing the compressed air through a 
small furnace before forcing it into the 
bottom of the vats, the solution is heated, 
the extraction hastened and increased, and 
all danger of freezing’ in cold weather 
obviated; an improvement which mill 
owners in high altitudes will certainly 
appreciate. 

The method of precipitating the gold 
from the cyanide solution after the leach- 
ing process is completed is also an im- 
provement over the present methods, and 
is covered and protected by a separate 
patent. 
the old zinc box, with the 
three new features which aid in rapid 
precipitation and leave the solution in 
better condition for using a second time 

The inventor of the process has been 
working quietly for nearly three years 
in perfecting it and securing his foreign 
patents, and it has been before the public 
for only a few weeks. The system is now 
being installed by the Pneumatic Cyanide 
Process Co. of Denver, Col. 


It has all the good qualities of 
addition of 
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The Use of Compressed Air in Mines. 


Of late years compressed air has gained 
greatly in prominence as a means tor the 
transmission of power, and now occupies 
a broad field of usefulness. In addition to 
its value and convenience as a power 
transmitter for engineering purposes it 
possesses also characteristics which make 
it applicable to a great variety of uses in 
the manufacturing industries and mechanic 
arts, in which the element of actual trans- 
mission of power does not at all enter. 
A discussion of these, however, would 
not be appropriate here. 

In connection with mining, tunneling, 
shaft sinking, and kindred operations, com- 
pressed air has found several of its most 
important applications. Here, for some 
purposes, it has made a place for itself 
in competition with steam, but it is in 
conjunction with steam and other prime 
movers that compressed air, acting purely 
as an agency for transmitting power, has 
frequently become indispensable for under- 
ground work. As compared with steam 
the employment of compressed air for such 
purposes is particularly valuable and con- 
venient for four reasons: First, its trans- 
mission loss is small; second, the trouble- 
some question of the disposal of exhaust 
steam underground is avoided; third, the 
exhaust air is of direct assistance in the 
ventilation of the confined working places, 
and fourth, its capacity for storing power 
makes it well adapted for intermittent 
work. These points will be briefly con- 
sidered. 

The conveyance of steam long distances 
underground involves serious and unavoid- 
able loss from radiation and consequent 
condensation. The loss due to friction is 
common to both steam and compressed 
air, and although not equal at the same 
pressure, on account of the greater den- 
sity of compressed air, the one may be 
taken as approximately offsetting the 
other. In a steam pipe of proper diame- 
ter, under given conditions, the frictional 
loss should be not more than one-fifth 
the loss from radiation. Condensation 
may be reduced by carefully covering the 
piping with good non-conducting material, 
but even with the best covering the ef- 
fective pressure at a distant underground 
engine is greatly diminished, and very un- 
economical working is the result. In con- 
veying steam a distance of several thou- 
sand feet, as is by no means uncommon 
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in extensive collieries, the pressure may 
be reduced to half the boiler pressure, or 
even less. Take, for example, a pump 
situated 2,000 feet from the boiler and 
using 200 cubic feet of steam per minute 
at a boiler pressure of 75 pounds, with a 
mineral-wool covered pipe, 4 inches in 
diameter, the effective pressure at the 
pump would be only about 58 pounds, 
or, with a poor covering, like some ‘of 
the asbestos lagging often used, it might 
easily be as low as 35 pounds. For com- 
pressed-air transmission the reduction of 
pressure for the same yolume of air, size 
of pipe, and initial pressure, would be 
9.3 pounds, giving a terminal pressure of 
65.7 pounds. But, as the speed of flow 
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ever, the case is different. For, if the 
diameter of the pipe’ in the above case 
be increased to 5 inches, the loss of pres- 
sure, or head required to overcome fric- 
tion, is reduced to 2.8 pounds, and in- 
creasing the distance to one mile it would 
be only 7.4 pounds. Furthermore, the in- 
creased cost of the larger air-pipe would 
be offset by the expense of the non-con- 
ducting covering. No account has been 
taken here of the loss due to leakage. 
Attention may be called to the fact that 
little or no danger is to be apprehended 
from the rupture of a compressed air pipe, 
while the bursting of a steam pipe in a 
shaft or in the mine workings may be a 
serious matter.—Western Mining World. 











BASKET MAKING BY COMPRESSED AIR. 


in pipes for economical transmission is 
greater for steam than for air, a com- 
parison based on ‘piping of the same diam- 
eter cannot justly be made. If, in the 
above example, the diameter of pipe were 
smaller the gain in reduced radiation 
would outweigh the increased frictional 
loss, and the net loss would be diminished. 
The frictional loss varies inversely, and 
the loss from radiation directly, with the 
diameter. Therefore, under given condi- 
tions, the diameter of the pipe can be so pro- 
portioned as to produce a minimum loss. 
With compressed air transmission, how- 





Compressed Air 
Machinery 











It makes Baskets. 


The apparatus illustrated herewith is a 
basket-making machine, operated by com- 
pressed air. -It is one of the latest ap- 
plications of air power. 








683 


This machine is now making 180 bushel 
baskets per hour at the Michigan Basket 
Factory of Wells, Highman & Co., at 
Traverse City, Mich. It was designed 


and built by Wm. Jackson, machinist, of 


the above place, and was patented in 
February last. 

The staves of the baskets are fastened 
to the hoops by staples of wire taken 
from the coil, formed and driven by the 
machine. The basket staves (before mould- 
ing) radiate from a center to a disc-like 
form, and to bend them to the shape of 
the basket form four movements of the 
machine are made. These movements are 
obtained by. the use of compressed air. 
First, to move the basket form from be- 
neath the stapling devices; second, a disc 
is forced onto the basket form by the 
mould; third, the form is carried under 
the staplers, the hoops placed, the form re- 
volved, twenty-seven staples made and 
driven into each hoop; fourth the mould 
is retracted and the basket removed; time 
twenty seconds. The pressure is obtained 
by two 34x3% inches air pumps, inlet 
pistons, immersed in the hollow base of 
the machine, which is the receiver, where a 
pressure of fifty-five pounds is accumu- 
lated and delivered as required to the 
two motors; the one near the base of the 
column on the left moves the carriage, 
mounting the form and mould, and makes 
the first and third movements. The motor 
on the standard on the right of cut makes 
the second and fourth movements very 
swiftly and smoothly. 

The whole combination is very simple 
and equally effective. The air pumps have 
trunk pistons with metallic packing; the 
motor pistons are packed with leather; 
the air is not cooled; runs ten hours with- 
out trouble, has one hour’s rest at noon. 
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In the March number of ‘‘Compressed 


Air’ we called attention to the safety of 


pneumatic traction being assured by the 
use of weldless cold-drawn steel tubes 
in which the air is stored. Thése tubes 
have been made in Germany. It is an- 
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nounced by the Shelby Steel Tube Co., 
Cleveland, Ohio, that they are prepared 
to make seamless compressed air bottles 
which will accommodate high pressures 
such as are used in street railway cars. 
This company contemplates entering the 
field with a full line of cylinders for com- 
pressed air applications. The bottles made 
by them are of various diameters and 
lengths. 


The Chicago Pneumatic Tool Co. has 
purchased the patents formerly owned by 
the Consolidated Pneumatic Tool Co., now 
defunct. These patents include all the 
Keller and Wolstencroft types of tool con- 
struction and in addition several new ap- 
plications which have not yet been taken 
out. These patents originally cost the Con- 
solidated Pneumatic Tool Co. about forty 
thousand dollars ($40,000). 


M. L. Minzey, Bellevue, O., desires the 
address of parties making a hydraulic 
air compressor. He desires to compress 
air into a receiver at a greater pressure 
than there is on the water main. The 
idea being to have a water cylinder at one 
end, and an air compressor at the other, 
to be operated by water instead of steam. 


At a recent meeting of the French As- 
sociation for the Advancement of the 
Sciences, M. Dommer announced that Dr. 
Linde was now engaged on the construc- 
tion of a small piece of apparatus for the 
production of liquid air, which will weigh 
less than 2% Ibs., and will liquefy the air 
in eighteen minutes. 


At a recent meeting of the Eastern As- 
sociation of Physics Teachers, at Spring- 
field, Mass., some very interesting experi- 
ments were made with liquid air. The 
exhibition was conducted by C. F. Warner, 
Principle of the Mechanics’ Arts High 
School, of Springfield. He said that the 
idea of producing liquefaction by cold 
was discovered in 1869, by Dr. Andrews, 
of Belfast. The experiments consisted of 
a series of demonstrations similar to those 
already described in these pages. 
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Mr. Fugita, Ch. Engineer, of Japan, re- 
cently visited New York, and among other 
matters looked into compressed air as a 
motive power for street railway purposes. 
Owing to the extremely narrow streets 
in all of the Japanese cities, compressed 
air is looked upon as an ideal motive 
power. 


The Fountain Air Brush is described as 
having done away with all the unpleasant 
and complicated features of the early air 
brush. The Fountain Air Brush is shaped 
like and is but a little larger than a lead 
pencil, and is held in the hand the same 
as a pen or pencil. It applies color in 
large quantities in a very short time and 
is yet adjustable for the finest line. 


The description of any plant using com- 
pressed air is always interesting to the 
readers of this little magazine, and the en- 
gineer or mechanic in charge of such a 
plant will confer a favor by advising 
what is being done, the means of doing 
it, and the general and detailed informa- 
tion regarding it. An account of any 
new invention or application of com- 
pressed air will be published, giving due 
credit to the author and inventor. 


Pneumatic beds, pillows and cushions 
have been used for many years in hos- 
pitals and sick rooms to ease the sufferer’s 








pain, but it is only lately that they have 
been manutactured for domestic use. The 
Air-bed Pillow and Cushion Co., with fac- 
tory at Moberly, Mo., are now turning out 
several hundred monthly, and report that 
their customers are well pleased with 
them. In appearance they are much the 
same as other mattrasses. The hospital 
beds are quite expensive, but these made 
for general use are within the reach of 
most people. 


Pneumatic Horse Collar certainly has 
not caught the popular fancy, and the 
promoters feel much aggrieved in conse- 
quence. Wall street speculators evidently 
object to a halter around their neck. 
Anyway, in these days of electricity we 
have very little use for horses or their 
trappings, except for blooded stock.— 
Town Topics. 


Jenckes—They say that liquid air is the 
coldest thing known. I wonder if it will 
ever be put to any use. 

Jenkins—Of course it will. Properly 
flavored it will be sold in Boston for ice 
cream.—Town Topics. 


The Pneumatic Supply & Equipment 
Co. has been organized under the laws 
of the State of New York and has opened 
an office at 120 Liberty Street, New York. 
It is the purpose of this company, as its 
name implies, to deal generally in com- 
pressed air equipment, and it will make 
a specialty of the installation of complete 
plants, eliminating the division of re- 
sponsibility which has heretofore existed 
in the trade. The Company is bringing 
out several specialties in the compressed 
air line, such as pneumatic oil rivet forges, 
quick-acting hose couplings, and has in 
addition closed agencies for several stand- 
ard types of compressors. 

Mr. J. W. Duntley, the president of the 
Chicago Pneumatic Tool Co., is the presi- 
dent of the new company. Mr. E. B. 
Gallaher, formerly with Messrs. Patterson, 
Gottfried & Hunter, is the vice-president 
and engineer, and Mr. W. P. Pressinger, 
formerly manager of the Clayton Air Com- 
pressor Works, is secretary and treasurer. 


We are in receipt of Cat. No. 10 of air 
compressors built by the Clayton Air 
Compressor Works, New York. It de- 
scribes and illustrates air compressors. 


Walter H. Foster, 126 Liberty Street, 
New York, is the New York agent for the 
U. Baird Machine Company’s Portable, 
Motor and Belt Driven, Air Compressors. 
These compressors are applicable to all 
purposes, where a small amount of air 
is required, and where the portable feat- 
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ures are considered. The compressor and 
receiver are mounted on a truck sin ilar 
to an ordinary warehouse truck, end 
they con be conveniently moved from one 
point to another. 


If you have beck numbers of ‘‘Com- 
pressed Air’’ for which you have no need, 
we will be glad to have them. We will 
pay liberal prices for scarce copies. Arong 
those we are short are July 1896, 
Novem ber 1896, March 1897, Feb. 1898. 
Twenty-five cents each for any of the 
above. 


The Tubular Dispatch Co., owning and 
opereting the Pneumatic Mail Transmis- 
sion Tubes in New York City, has placed 
an order for three Duplex Corliss Air 
Compressors, with the Pneumatic Supply 
& Equipment Co. of New York, recently 
organized to install complete compressed 
air plants. These three compressors are 
to be located in the sub-basement of the 
Metropolitan Life Insurance Building, New 
York City. The capacity of each com- 
pressor is in excess of thirteen hundred 
cubic feet of free air per minute, and the 
entire cost of the installation is under- 
stood to be over twelve thousand dol- 
lars ($12,000). 


By an arrangement recently made, the 
Chicago Pneumatic Tool Company have 
arranged with the National Pneumatic 


Tool Company to sell the entire output of 


their factory, in connection with the large 
line of pneumatic tools now handled by 
the Chicago Company. This gives the 
Chicago Pneumatic Tool Company con- 
trol of the sales of the Phoenix Rotary 
Drills, the new Heaseler piston drills and 
the appliances manufactured by the Na- 
tional Pneumatic Tool Company, as well 
as the Boyer Riveters, Hammers and Pis- 
ton Air Drills. 

Orders to the National Company will 
receive prompt attention as heretofore, 
and the Chicago Company are prepared 
to supply any tools wanted in either line. 

The arrangement is amicable on both 
sides, and is for the purpose of reducing 
selling expenses on both lines of tools. 
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COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Kditorof COMPRESSED AIR We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions 

We request that the rules governing such corre- 
spondence will be observed. viz all commiunica- 
tions should be written on one side of the paper 
only ; they should be short and to the point. 


“Compressed Air’’: 

The Library Committee of the Western 
Society of Engineers is trying to com- 
plete several public: tions for binding. We 
find we have ‘‘Compressed Air’’ up to 
date, but lack indexes for Vols. 1 and 2. 
Can you supply us? 

Frank P. Kellogg. 


Ann Arbor, Mich., May 9, 1899. 
‘‘Compressed Air”’: 

We have a complete set of ‘Compressed 
Air,” kindly furnished by you, except 
Nos. 1, 2 and 10 of Vol. 1, and the in- 
dexes to Vols. 1 and 2. Some time ago 
you informed us that No. 1 of Vol. 1 
was out of print. Sometimes copies of 
out of print matter turn up unexpectedly. 
If this has been the case with this num- 
ber, we shall be most glad to get a copy 
of it. I also solicit Nos. 2 and 10 and 
the indexes named above, if they can be 
supplied. In binding your volumes, do 
you retain advertisements? Shall you 
continue to page continuously? 

A. C. DAVIS, Librarian. 
ANN ARBOR UNIVERSITY. 


“Compressed Air’’: 

I think it would be valued by your 
readers if you could give a diagram show- 
ing the temperature and volume which 
would result from compressing air, adia- 
batically, and in a single stage, to very 
high pressures, say 2,500 to 3,000 Ibs. 
per square inch. Probably only an ap- 
proximation could be given, but even that 
would be serviceable. Failing this, could 
you give a constant to enable same to 
be determined by calculation? 

Is there a point in air compression 
where the temperature reaches a maxi- 
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mum above which continued compression 
cannot increase the sensible heat? Sup- 
pose this were so and that we had com- 
pressed a quantity of air far beyond its 
(heat) saturation point. Assuming that 
we use this immediately in a motor, how 
will cooling take place? Must the pres- 
sure fall to the heat saturation point 
again before the temperature begins to 
fall, or does temperature fall at once? 

If there is a heat saturation point, must 
there not also be a cold saturation point? 
Suppose that in using the above quantity 
of highly compressed air, we had first al- 
lowed it to fall to atmospheric tempera- 
ture, would it continue to fall in tempera- 
ture so long as expansion took place? 

In the compression of air temperature 
rises most during the early stages. How 
is it in expansion? Is it vice versa? 

ag ieee 
Newcastle-on-Tyne, Eng. 

A diagram of adiabatic air compression, 
to be of any value, should be made on 
a larger scale than our space will allow, 
if carried up to 3,000 lbs. per square in. 
pressure. Compression to the higher fig- 
ures is not practicable by one stage com- 
pression, for at 1,000 lbs. pressure the 
air rises to a full red heat, 1313 degrees 
Fah., and at 2,000 lbs. to 1709 degrees 
Fah. 

This is the theoretical temperature, but 
as much of the heat in the air would be 
absorbed by the compressor, it would 
soon become too hot for economical 
operation. 


The formula for the temperature of com- 
pression is derived from the relative ab- 
solute pressures and a ratio of adiabatic 


0.29 

x (461.2+ 
t°)= T° Fah., in which p=the ultimate ab- 
solute pressure, 7@.e., 


: ° p 
compression for gases. ( P) 


the gauge pressure 
plus 14.7 and P=the atmospheric pressure, 
14.7. ¢=the initial temperature from zero 
Fahrenheit. —461.2 is the temperature 
from absolute zero to the zero of the 
Fahrenheit scale. 

Tue ratio exponent, 0.29, is derived from 
the quotient of the division of the specific 


heat of air at constant pressure by the 
-2375_ 
-1685 


I , 2 
=0.2908 the ratio; practi- 


specific heat at constant volume. 


. 1.408— 
1.408 and aa 
cally the last figure is dropped and 0,29 


used. The logarithm of the quotient of 


) : ° 
” must be used, when the operation will 
then be for, say 100 lbs. gauge pressure 
from 60° initial temperature. 


114.7 

—“=7.803 log. 0.8922 
14.7 7.903 10g 9225 
Multiplied by exponent, 0.29 
Index log. - - 0.2587525 


The index of which is 1.8145 x (461°.2+60°) 

945°.71 Fah. absolute temperature ; from 
which must be deducted 461°.2, leaving 
484°.5 as the temperature of compression 
by the Fahrenheit scale. 

The limiting point of heat by the com- 
pression of air is unknown, but is prob- 
ably at the pressure of liquefaction, which 
has not yet been found with pressures 
up to 15,000 Ibs. per square inch. 

Cooling from the expansion of com- 
pressed air is inversely in the same ratio 
as for compression; or, the temperature 
falls by the same scale that it rises. 

As we have said above, the heat satu- 
ration point is probably at the pressure 
of liquefaction; so the cold extreme from 
expansion is probably at the absolutely 
zero of expansion or perfect vacuum; 
which is now accepted as the zero of ab- 
solute temperature 461°.2 below the zero 
of the Fahrenheit scale. 

The difference of temperature by com- 
pression for equal increments of pressure, 
is much greater in the lower part of the 
compression scale than in the upper part, 
as for example the increase of tempera- 
ture from atmospheric pressure to 1 Ib. 
per square inch is 10 degrees Fah., while 
for an increase of 1 lb. pressure from 99 
to 100 lbs. is but 2 4-10 degrees Fah. 
The differences of temperature when plot- 
ted on a pressure diagram form a para- 
bolic curve from its axis at absolute zero 
and terminating at infinite pressure and 
temperature; the conditions within the 
limits of practice indicate this curve, as 
also its inverse order in the expansion of 
compressed air. 


—" 
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PATENTS GRANTED APRIL, 1899. 


Specially prepared for COMPRESSED AIR from the 
Patent Office files by Grafton L. McGill, 
Washington, D. Cc. 


622,424. ae for Heating and Agitating Air. 
. P. Hager, Waltham, Mass. Assignor 
= Bay State Electric Heat & Light Co., 
Jersey City, N. J. 

A hood, closed at the top and open at the sides, 
is pivoted ona support It consists ot a series of 
floats separated from each other at the sides to 
form lateral openings located at an angle to the 
line of passage of the heated air and products of 
combustion. The lateral discharge of the heated 
air through the openings and against the floats 
causes the hood to revolve, such revolution ac- 
celerating the diffusion of the heated air and 
products of combustion throughout the apartment 
to be heated, the speed of rotation of the hood 
being regulated by the air supply. 


622,576.—Pneumatic Tool. D. S. 
Colorado. 

A tool is carried by an outer shell, an inner 

shell being free to move longitudinally within the 

former. In the inner shell is located a recipro- 


Waugh, Denver, 


cating hammer provided with a piston head. 
Fluid under pressure is admitted through valve- 
controlled passages to the piston head, while 


another such passage admits pressure to a 
chamber at one end of the inner shell to effect the 
movement thereof. The handle is connected to 
the outer shell and to the valve controlling the 
admission of air to the inner shell. 


622,344.—Valve for aeenaars. PW. 
Philadelphia, Pa. 

A valve cylinder having one of its ends opening 
into the compressor cylinder, is provided with 
discharge ports in its wall near such communi- 
cating end, the opposite end of the valve cylinder 
being in communication with the discharge- 
chamber. A closed valve piston reciprocating 
within the valve-cvlinder is adapted to have its 
end co-operate with the discharge ports, while a 
tappet moves the valve piston to position to cover 
the ports. 


Gordon, 


623,357-—Pneumatic Apparatus for 
uids. 
land, 


A tube contains a plunger to which latter is 
connected a piston, while packing, carried by the 
plunger, extends across the space between said 
plunger and the tube. 


Raising Liq- 
Wm. Evans, Manchester, Eng- 


623,135.—Check Valve for Air. G. E. 
New York, N. Y. 


Cordeau, 


The body-portion is provided with a longi- 
tudinal passage-way through the centre, and an 
ro 


COMPRESSED AIR, 


enlarged valve-chamber at both its upper and 
lower ends, the chambers being enmeul by the 
passage-way. A tubular valve-stem has a sliding 
movement within the passage-way, and is closed 
at its upper end and provided with an orifice for 
admission of air This sliding stem unites an 
upper and lower disk-valve which close alternately 
upon seats formed in their respective chambers. 


The lower valve is provided on its outer face with 
a hollow cone of soft rubber, 
623,509.--Pneumatic Despatch System. Ee <S. 


Bostedo, Chicago, Ill. 


The despatch-tube is provided with valves for 
closing the tube, such valves being separated from 
each Other so as to admit the carrier between 
them, one of the valves being normally closed 
and the other opened. The pressure chamber has 
a piston operatively connected with the open-valre 
and a pipe in constant communication with the 
despatch tube near the closed valve and also with 
said pressure chamber. The despatch-tube and 
pressure chamber being maintained under less 
than atmospheric pressure, one of the valves is 
normally held open and the other closed, the 
traverse of the carrier operating to reverse their 
positions, 


623,510.—Pneumatic Despatch-Tube 


G. Bostedo, Chicago. 


System. I, 


Two gates or valves, one normally open and the 
other closed and operated by motors, are locate d 
at separate points within the main despatch tul 


Pipes or passages are located in direct communi 
cation between the main tube and the motors, 
by which means the variations of pressure between 


the carrier and the gates, caused by the movement 
of the former in the tube, directly oper 
motors and valves. A by-pass is arranged 
the normally open gate and is controlled by a 
valve, the latter being actuated, by the compres- 
sion of air by the carrier, to equalize the pressure 
on both sides of the normally open gate when 
closed, to permit the same to reopen rhe 
normally closed gate has its motor connected by 
a pipe with the main tube, whereby the rare 

faition of the air in the tube behind the advancing 
carrier opeus the gate to permit the discharge of 
the carrier. 


ites the 
around 


622,750.—Air Brake. C. F. 
Indiana. 


Bayne, Lafayette, 


This invention relates to the class of air brakes 
employing a train pipe extending beneath the 


train, in which air is maintained at a_ pred 
termined pressure to automatically apply the 
brakes by a reduction of such pressure A 


supplemental signal pipe extends continuously 
through the train, the pressure of which is con- 
trolled by angle cocks on each car and engine 
Means are provided forthe engineer to lock these 
angle cocks in open position, except the one atthe 
rear end of the train, which is lockedclosed. The 
locking devices are located in the signal pipe, the 
angle cocks in which latter are connected to 
those of the train pipe. The two sets of cocks are 
thus operated in unison and in pairs, by mechanism 
controlled by the engineer, the closing of such 
cocks setting the brakes, 
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“COMPRESSED AIR” sqisteo,. & 
“nrg pe 


This is the only publication devoted to the useful application 
of compressed air, and it is the recognized authority on all 
matters pertaining to this subject. 
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<a NOW IN ITS FOURTH YEAR. 
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RATES OF SUBSCRIPTION. % % 


United States, Canada and Mexico, ‘ : ‘ ‘ per year, $1.00 
All other Countries, : ‘ ° 1.50 
Single Copies, 
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+10 ate 
SPECIAL. #& %*%-% & & & & wy 
Clubs of ten subscribers 5-00 - 


Zo 
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The attention of Engineers, Superintendents, Railroad Master Mechan- 


ics, Manufacturers of Compressed Air Appliances, Students, and all 2 
others whose association with compressed air require the widest WY 
knowledge of the application of air power is called to this Special eye 
Rate. It enables them to place the magazine in the hands of opera- WY 
tors of compressed air apparatus by club subscriptions at an extremly W 
ow cost. NZ 
er iste 
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LIST OF BOOKS ON COMPRESSED AIR. 


Volume No. 3, ‘* Compressed Air,” 


2 
+ 
a 





: , cloth, 2.00 
March, 1898—February, 1890, inclusive.—The twelve numbers of 
** Compressed Air,’> which make up this volume are profusely illustra- 
ted with fine half-tone engravings and line cuts of a large number of 
important applications of compressed air. The articles contained in 
the above have been widely quoted and treat upon a varied collection 
of air power subjects. ” 
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This volume is valuable for those who contemplate the use of com- 
pressed air, and are investigating its advantages. 


Compressed Air Production, by W. L. Saunders, ; cloth, 1.00 
Compressed Air Production or The Theory and Ptactice of Air Com- 
pression. Just published. By W.L. Saunders. <A practical treatise 
on air compression and compressed air machinery. It contains rules, 
tables and data of value to engineers. 


SN 


S 


. 


P 7 os pera, 
Compressed Air, by Frank Richards, cloth, 1.50 


ew 


Compressed Air, by Frank Richards. Contains practical information 
upon air compression and the transmission and application of com- 
pressed air, 


» 
« 
eX 


Liquid Air end the Liquefaction of Gases, by Prof. T. O°Conor Sloane, 350 ~ 


pages, 2.50 WW 

, a 

Experiments upon the Transmission of Power by Compressed Air in Paris, WY 
by A. B. W. Kennedy, F. R.S.. M. Inst. C. E., Emeritus Professor of ete, 
Engineering in University College, London. The Transmission and y) 


Ke 





Distribution of Power from Central Station by Compressed Air, by 
William Cawthorne Unwin, B. 8. C., F. R.S.; M. Inst. C. E., ; 


The Transmission of Power by Compressed Air, by Robert]Zahner, M. E., 


Forwarded postpaid on receipt of price. 


N 66 COPFIPRESSED AIR,”’’ 26 Cortlandt St., 


S. New York. 
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W Forge, operated by Compressed Air. Will heat as many rivets \y 
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kd _ The “New York” Quick-Acting Coupling for Air Hose. w 
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W automatic valve which retains the compressed air in the hose \y 
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SEAMLESS STEEL TUBING ianceo 





SECTIONAL VIEW UPSET, FLANGED AND COMPLETED. SECTIONAL VIEW. 


For High Pressure Steam Pipes, Compressed Air, Pneu- 
matic and Hydraulic Tubing 


SHELBY STEEL TUBE CO. 


We have for mailing, Price Lists and Catalogues on 
*¢ Shelby ’’ Seamless Boiler Tubes, Mechanical and Engineering Tubing. 


No. 144 Chamb Street. N York, N fires General Office: 
0. ambers Street, New York, N. Y. : wigs 
No. 135 Lake Street, Chicago, Ill. American Trust Building 
No. 29 Constitution Hill, Birmingham, England. CLEVELAND, O. 
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GLEASON-PETERS AIR Pump Co. 


Hand, Foot, Storage, Water Pressure, and Specially Con- 
structed Pumps. Gas Fitters’ Proving Pumps. Physicians’ 
Vacuum or Direct Pressure Pumps. Galvanized Iron Tanks, 
Air Cocks, Gauges and Fittings 


HOUSTON ano MERCER STS., NEW YORK, U.S.A. 
Sp 3:33 23:33:32 5:3:3-3:23 23.2 33:33:33 33:33:32 3323332 332 532333 3323323" 
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EDRICK & AYER CoO., 
naeralar ‘i | I ons 
COMPRESSORS 


These Compressors will compress more air 
at less cost than any other make, requiring no 
attention other than oiling; entirely automatic 
in action, stopping and starting as air is re- 
quired. Specially adapted for foundry use. 
Can be run in series; if so, no stoppage 
possible. 
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TOOLS. 


Send for Catalogue. 


Manning, Maxwell & Moore, 
Sore Acents, 
85, 87, 89 LIBERTY ST., N.Y. 
22 SO. CANAL ST., CHICAGO, ILL. 
PARK BLDG., PITTSBURGH, PA, 
26 SO. WATER ST., CLEVELAND, 0. 
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VOLUME No. 3. 


& 


The supply of Volume No. 2 of “Compressed Air” is 
exhausted, and attention is called to Vol. No. 3, which will 


include all the numbers of Compressed Air printed from 
March, 1898, to February, 1899. 


READY NOW. 


Only a limited number of these volumes on hand, 
therefore all those who desire to secure them should place 
their orders at once. 


PRICE (postage prepaid), - - $2.00 


Other books on Compressed Air furnished. Send for cir- 
cular. 


COMPRESSED AIR, 
26 Cortlandt Street, New York. 
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The Stearns-Roger Manufacturing Compan, 
CONSTRUCTING ENGINEERS. 
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Chlorination Mills, Electric Plants - _ 
~_ Compressed Air Plants of any capacity. | 
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ROGER’S IMPROVED CRUSHING ROLLS. 


Patented in the United States and Foreign Countries. 


“These Rolls have been running very satisfactorily and appear to us to be unquestionably 
the best type of roll yet devised. General Manager, 


MOLLIE Gipson & A, J. MILLS, Aspen, Colorado.” 
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Manufacturers of all classes of Machinery for Mining and Metallurgical requirements. 


MAIN OFFICE, 1718-24 CALIFORNIA STREET, DENVER, COLO., U. S. A. 
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| J. D. MILLER & CO., 


Taylor Building, 39 & 41 Cortlandt St., N. Y. 


: COMPLETE POWER PLANTS 


FOR ALL PURPOSES ___cssm 





: Engines, Boilers, Machinery, 
Mining and Milling Equipments. 


a ee 


SEND FOR CATALOGUES AND ESTIMATES ON WHAT YOU NEED. 
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[Manufacturers of ...... 


Seamless Rolled Tubes_— > 


stow tor Gases, Compressed 
a, as * a eo 





Tested and approved by the 
agg tea UNDER_HIGH PRESSURE. 
America. 

Each Tube is carefully tested Representative : 


anda Government Test Cer- 


a ogni furnished with CHAS. G. ECKSTEIN, 
249 CENTRE STREET, - - NEW YORK. 
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C. & G, COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE ExpaNsION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgs. 
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Hammers, 
Piston Air 
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Air Hoists Ww 
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Compressors wy 
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Monadnock Block, TOO | CO w 
.) 
CHICAGO. 4 + w 


All Tools Guaranteed One Year against Repairs and senton Ten ™ 
Days Trial Subject to Approval. w 
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All 

Kinds 

of 

Labor 
Saving 
Pneumatic 
Appliances. 
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SURFACE 
“a CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. 9) .@ yon Pinan. 


. PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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sed t. Officers of all Railroads 


(1ssURD QUARTERLY) THe POCKET LIST or 





i 


G. WILFRED PEARCE, 





Boe ot annum. RAILROAD OFFICIALS | _ Electrical, Steam and 
THE OFFICIAL Advertising rates on application. é 
RAILWAY EQUIPMENT acs 47000. ye @ = _Compressed Air_ ot 





REGISTER fiitniced States, Consds and Mexico, Pns* 
Subscription Price, $5.00 per annom. Single copies, @1.00, 
THE RAILWAY EQUIPMENT & PUBLICATION CO, 
24 Park Place, New York. 


| Apparatus 2 wf 





St. Paul Building, 
New York. 


0 1Ote 1298 108 138 1S 








Trimo Giant Pipe Wrench 


The strongest, safest and most 
durable Pipe Wrench in the 
world. Made and adapted for 
all kinds of work as well as 
hard or rough usage. Send for 
catalogue of Trimo tools. 


TRIMONT MANUFACTURING CO., Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 
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$ COMPRESSED AIR } 
2 ‘ ir? 
| ‘Compressed Air. 
INSTALLATIONS eece U | 
4 Practical information upon Air-Compression 6 
SUPERINTENDED. ; and the Transmission and Application 4 
‘ ; of Compressed Air. ; 
Railroad and Other Plants Equipped. bBy FRANK RICHARDS. 12mo, cloth, $1.50 § 
: ee q John Wiley & Sons, New York. , 
¢ Compressed Air Transmission. ¢ ’ : 
4 ¢ 
I am prepared to report on engineering ‘rng paammnnaeiree : 
} questions connected with compressed air j WANTED :—An_ engineer of 
) Propositions in manufactories, contract work, § proved ability and possessed of both : 
: ‘ = é : . 
{ railroad machine shops and any other enter- { theoretical and practical experience ; 
_ that now uses hand or other power. = : ’ 
$1 make a specialty of enumerating the uses» in the liquefaction of gases; one who 
of air power, devising means for their main- ; is capable of designing a plant and ; 
¢ tenance and wei a their installation. = all accessories for the liquefaction 
Ten years practical experience in build- 4 ; eee 
Sing and operating air motors. I solicit ¢ of chlorine, the gas to be furnished. ¢ 
§ correspondence with street and suburban rail-§ Applicant will please state experience 4 
* way companies contemplating change of § 5, detail q 
4 motive power. " ; 
> Address 
HENRY D. COOKE, 45 Broapway, N. W.. ry “ X ’’ COMPRESSED AIR. ; 
peeinieeenee O1O0O-100e- 100e- 10 8e 128813 SOS 8S CON CO NOS 1 SE8de 18S 18S Fete Fe 
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The latest sensation in scientific circles 
is the appearance of the new practical 
work by PROF. T. O’CONOR SLOANE, 
entitled 


“LIQUID AIR” 


AND THE 


LIQUEFACTION or GASES. 
PRICE, $2.50. 


AN INDUSTRIAL REVIEW 


The Engineering Magazine has been aptly described as 
“* The Century of the industrial world and the Review of 
» Reviews to eugineciing literature—the two in one.” Its 
% leading articles treat the subjects uppermost in importance 

; jn industrial affwirs. Its contributors include the foremost 
men of*oyr:tmmes. It gives each month an. exhaustive 
Review and Index to the world-wide ramge of technical 
literature — American, English, French, and German. It % 
is read in every nook and corver of the civilized world. It : 


It is a logical explanation and application of : 
the principles of liquefaction, a history of the 
theory, discovery and manufacture of liquid air. 

A book that renders simple one of the most 
perplexing chemical problems of the century 
Startling developments illustrated by actual 
experiments. 

Seventeen absorbingly interesting chapters. 
360 pages, profusely illustrated. Copious index 
to subjects. Octavo. Printed on excellent 
paper. 

Copies prepaid to any address on receipt of 
price, or special circular of contents sent on 
request. 

Our 96 page catalogue of scientific and practi - 
cal books sent free on request. 

o 


%, is founded upon the idea of meetingthe requirements of the \ 
5 busy and brainy men who manage, think, and plan for the 

engineering. architectural, electncal, rvilroad, mining, and 

%, mechanicri industries. It has a larger bona-fide circu- 

%, lation among such men than has ever been attained by an 

%, engineering journal in all the history of industrial literature. 

} wa priceless to the active man who needs to keep in touch 

: ith current developments. Its every page carries a living 

s interest for intelligent readers who are in any way con- 

% cerned with modern industrial entérprises. ts subscnbers 

% are its warmest advocates and the Magazine itself is iis 
» bestsolicitor. Sample copy /ree. 
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NORMAN W. HENLEY & Co., 
PUBLISHERS, 


132 NASSAU ST. NEW YORK 


*y 30 Cents a Number; $3.00 a Year. 
@ THE ENGINEERING MAGAZINE, 
$ «—-—« §20-$22 Liberty 
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St., New-York, U.S.A. 
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‘asoune Eneine Ain Compnescon. 


DIRECT CONNECTED. 
A NEw MACHINE -# 


~—@&e=—_SIMPLE, ECONOMICAL, DURABLE. 


SEND FOR CATALOGUE 





FAIRBANKS, MORSE & CO., 


CHICAGO, ST. LOUIS, ST. PAUL, 
CLEVELAND LOUISVILLE, MINNEAPOLIS, 
CINCINNATI, KANSAS CITY, DENVER, 
INDIANAPOLIS, OMAHA, SAN FRANCISCO. 
LOS ANGELES, PORTLAND, ORE. 
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AIR 


COMPRESSORS. 
40 STYLES 
300 SIZES. 


Covering every requirement of 
Compressed Air Practice. 


Catalogues and Literature on 
all Compressed Air Subjects. 








INGERSOLL-SERGEANT BELT DRIVEN, CLAss *D” Air 
COMPRESSOR NOW USED BY 
THE McConway & TorLey Co, PittspuRGH, Pa. 


DRILIE: CO. 
Havemeyer Building, New York. 


‘t [NGERSOLL-SERGEANT cosas curzees. 


ROCK DRILLS . 
STONE CHANNELERS 


THE POHLE AIR LIFT 
PUMP 
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For 
Operating 


Pneumatic 





CLAYTON AIR COMPRESSORS 








Shop Tools 
Hoists, Etc. 
Air Lift 





CATALOGUE, 


AAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AMA (AAAAAAA AA AMAA AMAA ANAM AA AAA MAMA AA AAAA AA AAA AMAA AMAA AMA 


PELVVVV TIT TV VV VV VV VV VV VV VV VV YT YY YY YY YV VV YVVVYY VY YY YY VV VV VO VY Vy yyy ir vrveveveny 





CLAYTON AIR COMPRESSOR WORKS, 





v | and every 
a other 
purpose to 
which 
~ Compressed 
«Air 
can be 
applied. 


26 Cortlandt Street, NEW YORK, 











